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INTRODUCTION 


Clear vision in man depends upon the formation of v elh 
defined images upon the retina This is brought about by 
means of an optical apparatus resembling a photographic 
camera The apparatus is subject to the ordinary laws of 
optics It often ahous aberrations and other defects, some 
of which are common to all optical mstruments, others 
peculiar to the ej e It is evident that a thorough knowledge 
of the prmciples of optica underlymg this fundamental 
apparatus of vision is essentia! to a sound study of the subject 
Unfortunately, the mathematical aspect of physical focts 
appears to be peculiarly repulsive to mmds vhich find their 
chief interest in biological affairs Yet the mathematics 
necessary is neither large m amount nor transcendental m 
quality It is rendered least unpalatable when served up in 
geometrical form 

iVIr Goulden has succeeded m this book m smoothing the 
path for the student w ithout sacrificmg accuracy of statement 
He covers a wide field, which includes all the essentials which 
an ophthalmologist should know It is to bo hoped that 
the book will find favour, not only on its own accoimt, but 
because it mil tend to the improvement of the practice of 
ophthalmology m this country 
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PREFACE TO THE SECOND EDITION 


In the highly specialised branch of Ophthalmology with 
uhich this volume is concerned, it is not to be expected that 
it would be necessary to make any fundamental changes in a 
new edition The opportunity lias been used, however, to 
revise carefully the u hole of the text 

Tlie brilliant researches of Fmcham have elucidated various 
difficulties in explammg the changes that take place in the 
crystallme lens in accommodation, and have brought out the 
important role played by the capsule 
In the matter of the illummation of the eye, both for 
exammation in focal light and with the ophthalmoscope, the 
principles laid down by GuUstrand have led to the adoption of 
better lamps and the evolution of the electric ophthalmoscope 
The technique of direct ophthalmoscopy with the electric 
ophthalmoscope is comparatively easy for the student, 
especially when we consider the difficulties met with the 
reflectmg model This has, unfortunately, led to a neglect 
of mdirect ophthalmoscopy, the use of which has become 
still more important smce the recent developments m the 
treatment of detached retina 

In the field of the use of the ophthalmoscope m the form 
of the tetmoscope the importance of the best and most precise 
method of illummation is scarcely yet sufficiently appreciated, 
and it IS remarkable with what very inefficient and primitii e 
methods of illummation many are satisfied 

TJb^ jjJXfJbrwbjastoiJisjok JJiosp siJjorpyjewfd tbefir4^t ndif.iao 
of this book, and pomtcd out vanous small errors, which liai e 
now been corrected 



MU PREFACE TO THE SECOND EDITION 

Di C Lomas Hams lias agam been so kind as to read 
through the proofs and offer suggestions as to the pomts that 
seemed obscure m the previous edition, and to her and to 
Miss Hilda Lomaa, the artist, the author uishea to express his 
thanks Mr J Rivers has kindly prepared the index 

CHARLES GOULDEN 

Harijiy Street 
London 



PREFACE TO THE FIRST EDITION 


This book is the outcome of a series of lectures on 
Phjsiological Optics deb\ered penodically at the Rojal 
London Ophthalmic Hospital to students preparing for the 
Diploma in Ophthalmic Medicine and Siirgerj of the Conjomt 
Board of England 

Its object IS to provide students uith an exposition of the 
elementary facta upon uhich the study of the refraction of the 
ej e is ba^ed It is not merely a handbook explaining the various 
climcal methods of examining the eye when correctmg errors 
of refraction Certain methods are cxplamed which are m 
common use and which the author has found of service, but, 
for a description of the many other methods and apparatus, the 
reader is referred to one of several works m which details maj 
be found 

The student should make him'elf faniihar uith a selected 
number of methods and apparatus, and then, by applymg the«e 
assiduously m the out patients’ department of a hospital on 
many hundreds of cases of error of refraction become skilful 
in their u‘'e It is onl> m this nay that anj reliability can 
be placed on the spectacles prescribed The estabhshment of 
diplomas in Ophthalmology has drawn attention to the 
importance of a sound ba«is m Physiological Optics for tho^e 
who Mould correct errors of refraction otherwise than by rule 
of thumb, and has made the acquirement of the knowledge 
compulsoiy for those uho enter for the examination 

A certain amount of mathematics is necessaiy, and m this 
book the geometrical method of exposition has been used as 
far as possible The source of information has been set out in 
the bibliography,, and the author would mention epeciaCy the 
“ Lecture Notes on Light,” by J R Eccles, on which many 
of the diagrams in Chapter I have been based, and the lucid 



\ PHEFACE TO THE FIBST EDITION 

articles on Ophthalmoscopy by Dr Pacahn which appeared 
m the Archies d Ophialmdogie m 1922 and 1923 

For students preparing for higher examinations the text 
book on Ophthalmic Optics by Sir John Parsons and the section 
on the Eje m. “ Traitd de Phjsiologie/’ by jNEorot and Dojon 
are recommended Very shortly the whole of the third edition 
of Helmholtz’s " Physiological Optics ” will be available m 
Enghsh j the first ^ olume has already appeared 

The diagrams have been drawn by JIiss Hilda Loma'i, to 
whom the author wishes to expre'^s his thanks 
The plates of Pigs 178, 179 and 180 have been kindly lent 
by Me««r8 C \V Dixey, and the index has been prepared by 
Jlr A L Clarke 

Thanks are especially due to Dr C L Harris for her help 
She has read the whole of the manuscript and proofs, and has 
made many and valuable suggestions She has also worked 
through all the problems and piwfs in the mathematical 
portions of the book, so that it is hoped that they are free 
from senous error 

3Ies<?rs J A A Churchill have been most patient and 
courteous and have always acceded to any request that the 
author has made 

CHARLES GOULDEK 

PoBTLAND Place 
Lovdox 
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JNCOiTIDIirO 

ELEMENTARY PHYSIOLOGICAL OPTICS 
CHAPTER I 
OPTICS 

Lxght 13 the agent which, by its action on the retina, excites 
in us the sensation of vision 

If with a healthy eye there is absence of visual sensation, we 
infer the absence of light 

Certain objects are termed self lumtnous when visible in the 
absence of all other sources of bgbt, as, for esnmple, the sun, a 
candle, a glow worm, luminous pamt that has been exposed to 
sunlight 

Most objects are non luminous, and become visible by the 
light received from other objects and returned to our ej es 

Rectilinear Propagation of Light. That bgbt travels m 
straight lines can be shown in a variety of ways Thus a small 
object held between the eye and a small source of light renders 
it mvisible, by mtercepting the bgbt from the source which 
would otherwise have reached the eye 

The term ray is applied to the path along which light travels 
from each point of a lummous object 

A collection of rays is called apencti of rays, which is usually 
in the form of a cone 

When light proceeds from a pomt, the pencil is termed 
tiitergeni , when towara’s a pomt, coniergm^ 

When rays converge towards or diverge from a point at an 
infimte distance, they form a^^il oj parallel rays 

Shadows Let A be a small source of light, and B an opaque 
object Smce the rays from A are mtercepted by B, and the 

SETUC OTSTB 1 1 



OPTICS 


rays that pass B are not appreciably modified, there is an area 
extending from B irJnch reoeires no Jight from the source A 



Fia 1 


If a screen be lield m this area, a shadow the same shape as B 
18 cast and if lines be drawn from A to the boundaries of B, they 
will cut the screen to form the boundaries of the shadow 
If the source of light be not small — and most lummous bodies 
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shadow cone which is entirely free from light This comcal 
space which receives no hght is termed the umbra whilst the 
surrounding area, which is only partially in shadow, is termed 
the penumbra 

Pinhole Camera Let ABC be a luminous object 0 a small 
aperture in an opaque screen and S a screen 

Rays of light divergefromanypomtof ABC suchasA anda 
certam very small pencil wdl pass through 0 and on the screen 
will be depicted a picture of the luminous point A The same 



IS true of each pomt of the luminous object ABC As the rays 
cross at the hole 0 thepictureof ABCismverted By varying 
the position of the screen it can be shown from the size 
and position of the picture that the path of each ray is 
straight 


Again if 
then 


DO — « and OE = v 
AB 
AB 


By increasmg v or reducing u within certain limits tie 
image A'B can be made larger, but smce by decreasmg u the 
pencil of rays from a point of the object AB become more 
di\ergent the image is blurred 
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If several small apertures be made m the screen, as many 
images of AB are formed on the screen at the back of the 
camera When these images overlap, the outlmes become 
blurred, and when the number of holes is sufficient we have 
uniform lUummation of the screen, which may be looked upon 
as ansmg from innumerable overlappmg images 

The form of the image is independent of the shape of the 
aperture, which merely influence the shape of the individual 
hght spots on the screen 

A substance through which light can be transmitted is 
spoken of as an ophcal medium, which, when it has identical 
properties at all pomts, is called homogeneous, and when 
it has different properties at different pomts is called 
heterogeneous 

Substances are roughly divided into transparent, or, those 
through which light can pass, and opaque, those which mtercept 
it Opaque objects are said to absorb hght 

Law of Inverse Square The mtensity of illummation at a 
pomt at a given distance from 
a small source of light is mversely 
proportional to the square of the 
distance of the pomt from the 
source 

Let 0 be a source eraittmg light 
equally m oil directions With 0 
as n centre, describe a senes of 
spherical surfaces with radu of 1, 

2 r centimetres 

Fio 6 Let Lj L. L, be the amounts 

of light falhng per second on umt area of each sphere The 
areas of the spheres are 

hr, 47r X 2" 4ir X r* 

The total quantity of hght falhng per second on each sphere 
is 

47rLi, 4ff2®Lj 4;rt‘*L,, 



and these are all equal 
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S 


= 4jrLj, 



Reflection of Light “When a ray of light falls on a smooth 
Burface, part of the incident bght is reflected according to 
certain law s 

Laws of Reflection 1 Ihe incident ray, the normal to the 
surface at the point of incidence, and the reflected ray he in 
one plane 

2 The incident and reflected rays are equally inclined to the 
normal, and he on opposite sides of it 

That 13, the angle of incidence is equal to the angle of 
reflection 

Plane Mirrors FomaLon oj Jht Image Let P he any 
point on a ray PR incident at R on the surface AB Draw 


A 



B 


Fio 6 

PM perpendicular to the surface and produce it to P , making 
MP = MP Let PR be any incident ray Jom P R and 
produce it to Q Then RQ shall be the reflected raj Draw 
RN normal to the surface at R 
By construction PR, RQ, and RN are m one plane 
In the two triangles BPM, BPM 

PM s= MP', and MR is common, 

/FUR =« /.P MR, 
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therefore these triangles are equal in all respects and the 
/.RPM = ^RP'M 

Since RN is parallel to IVfP, 

Z.NRP = ZRPM, 
and ^NRQ = /.RP'M 

ZNRQ = Z.NRP 

Since RQ is in the same plane as the incident ray and the 
normal, and makes nnth the normal an angle equal to the angle 
of incidence, therefore RQ is the reflected ray 

Now PR IS any incident ray , hence the reflected ray corre- 
sponds to any mcident ray that passes through P' 

All reflected rays pass through P' , and P' is the image 

ofP 

The image of an object in front of a plane mirror is situated 
at the same distance behind the mirror as the object is m 
front of it, and is equal in size to the object 

It will be seen, when considering curved mirrors, that the 
same construction applies, if AB represents the tangent plane 
at the pomt R on the curve 

Images may be either real or virtual 

1 When a pencil of rays divergmg &om a point, after 
reflection or refraction, appears to diverge from a second 
pomt, the second pomt is called the Virtual image of the first 
pomt 

Such an image is produced by a plane mirror 

2 When a pencil of rays diverging from a pomt, after 
reflection or refraction, converges to a second pomt, the second 
pomt IS called the real image of the first pomt 

To prove that, when a mirror is turned through any angle, the 
Tweeted ray turned through twice that angle 

I Wbnu-thft incident ray IS ^erqendicular to the mirror. 

Let a = angle through which mirror is turned 

The angle through which the reflected ray is turned 

= ABC 
= 2ABN 
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2 When the incident ray is not perpendicidar to the mirror 
The angle through which the reflected ray is turned 

= C.BCj 
= ABCj - ABCj 
= 2ABNj - 2AB^, 

= 2(ABNj - ABN,) 

= 2N,BN2 


Spherical Mirrors A polished surface having the form of a 
portion of a sphere is called a 
spherical mirror The centre of 
the sphere of vhich the mirror 
forms part is called the centre of_ 
curiatiire of the mirror 

A spherical mirror is either con 
cave or convex according as the 
polished surface faces towards or 
aw ay from the centre of curvature 

The middle point of the surface of the mirror is called the 
pole or teriex of the mirror 

The line joining the centre of the sphere to the middle 
point of the surface of the mirror is known as the axis of the 
mirror 
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0 = centre of curvature of the mirror BAG 
A = pole or vertex of the mirror 
OA = axis of tho mirror 

In our considerations of spherical mirrors -we shall suppose 
tint the source of light is not far from the axis of the mirror, 
so that the axis of a pencil of rays from the source of hght 
falls on the mirror very near to A In these circumstances 
tho axis of the pencil of rays is mclmed at only a small angle 
to the axis of the mirror, and the mcidence is very nearly 
dtrecl 

If a small pencil of parallel rays, parallel to the axis of the 
mirror, is incident directly on a mirror, the rays, after reflection, 
either converge to or appear to diverge from a pomt on the axis 
known as the jtrxncxpal Jocus of the mirror (Fig 10) 

The distance from the pnncipal focus of a mirror to its pole 
IS known as the /ocaZ Uixgth of the mirror 
A pencil of rays divergmg from a pomt on the axis of a 
mirror, after reflection, converges to or appears to diverge from 
a second pomt on the axis 
Tim second point is the geo 
meirtcal xmage of the first 
point 

A point and its geometncil 
image are spoken of as con 
jugate foex 

Geometrical Conventions as 
to Signs The specification of 
a distance involves three elc 
ments (a) a numerical magmtude, in mches, centimetres, 
and so on (b) a direction , and (c) a point from which a 
measurement is taken 

When we wish to define the position of a pomt on the axis 
of a mirror we make use of the foUowmg convention 

Distances are measured along the axis of a mnror from a 
pomt A, the pole of the mirror (Figs 10 and 11) 

When measured m a direction opposite to that m which the 
mcident hght travels, that is, to the right, the distance is 
positive , when measured m the opposite direction, that is, 
to the left, negative 
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0 = centre of curvatxire of the mirror, 

OA = r =s radius of curvature, 

F = the principal focus, 

AF = / =a focal length 


In the concave mirror (Fig 10) 

AO =r, 

AF=/ 

In the convex mirror (Fjg 1 1) 

AO - r, 
AF = -/ 


The laws of reflection as laid down ivhen dealmg with plane 
mirrors applj equally v, hen dealing with sphencal mirrors If 
we take a very small portion of the sphencal surface, it is 
practically a plane surface but the normal to the surface 
differs in direction •with each portion of the spherical surface so 
considered 

Reflection of a Small Penal at a Concave Sphencal Surface 
Let P be a lummous pomt, the focus of a small pencil mcident 
upon BAG, a concave spherical mirror (Fig 12) 

Let POA be the axis of the mirror 

Let PB be any mcident ray which, after reflection, cuts the 
axis in Q 
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Let PA = «, 

QA =t, 

OA =r, 

the radius of curvature of tbe mirror 



The angle QBO = angle PBO 
Then m tbe tnangles PBO, QBO 

PB BQ PO QO 

Now PB IS practically equal to PA, smce the pencil is verj 
femall , and, also QB is practically equal to QA 

Therefore PA QA PO QO 

It t u r r — V 
«(r — t) s= f(a •— r) 

«r — «t = til- — tr 

Divide by uvr 



This formula shows that all rays from P on the axis of the 
mirror meet in Q, which is also on the axis 

The pomts P and Q are, therefore, conjugate foci 
Pnnapal Focus If the incident rajs of the pencil are 
parallel then « = co (Fig 13) 


Then 


1 i „ “ 

00 ^"1 ~ r ’ 


and 


^ = 2 =/ 
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That IS, parallel rays are brought to a focus in the middle 
pomt of AO, the principal focus F of the mirror 
That is, the focal length of 
the mirror, /, is half the radius 
of curvature 

To Construct the Image 
formed by a Spherical Surface 
In determming the position of 
an image we need only trace 
two reflected rays, smce at the 
pomt where tvo rays mtergect 
there will he the image required 

We usually select the ray reflected from an mcident ray 
parallel to the axis and therefore passing through the principal 
focus, and another directly incident upon the mirror, whicli 
necessarily passes through the centre of the mirror, and so will 
be reflected along the path of mcidence 
Concave Mirror. Let A be the centre of surface of the 
mirror, F the prmcipal focus, 0 the centre of the mirror, OFA 
the asis (Fig 14) 

Let P be a luminous pomt near to the axis, and PQ perpen 
dicular to the axis PQ may then be considered a small object 
Let us make use of the parallel ray PE and the ray PT which 
falls on the mirror normally The ray PR will be reflected 
through the principal focus and the ray PT will he reflected 
directly back 

P 


R 


Fra 14 

1 Let the object be placed beyond the centre of cun ature of 
the mirror 





OPTICS 

If the object be placed at infinity, the image ivjll be formed ai 
the ptmcipal focus 

V / ii~ f 
1 __ 1 
v~f 

Tliua V ~f 

2 As the object mores along the asu tow ards the mirror the 
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value of ti diminishes, and so — increases, mth the result that - 
tt r 

dimimsbes and v mcreaseg The image, therefore, moves from 
the znuTor along the optic axis 
3 When the object is at 0, then u = r, that is, the image is 
formed at the same point iis the object 
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4 When the object lies between 0 and F, the value of v is 
greater than r, and it bes between r and oo {Fig 16) 

6 When the object is at P, then u ^f, and v = co, so that 
the image is formed at infinity 



6 When the object is nearer to the mirror than F, « is less 


than /, and therefore ~ is greater than j Then v must be 

negative, so that the image is virtual, bemg formed on the 
negative side of the mirror (Fig 17) 

Convex Mirror, In sphencal convex mirrors the reflection 



takes place on the outside of the curved surface of a section of 
a sphere 

Rays which faU parallel to the axis on a convex mirror diverge 
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after reflection as if they proceeded from a point F, the 
principal focus of the mirror, ■which, as we have seen, is half the 
length of the radius behind the mirror Conversely, a cone 
of rays convergmg to this pomt is reflected as a parallel 
beam 

Choosmg a ray parallel to the axis, and another ray normal to 
the surface, we are able to construct an image of an object in 
the same manner as with a concave mirror The image, 
however, is a virtual, erect image, behmd tlie mirror, and smce 
the two rays chosen are always convergent m direction, the 
image is always dimimshed m size (see p 41) 

Refraction When a ray of hght travellmg m one medium 
falls obhquely on the surface of another medium, part of the raj 
passes mto the medium, but m so doing is bent or refracted so 
that the new direction differs from the old We have thus to 
deal with an tncident ray and a refracted ray 
If the second medium is denser than the flrst, the angle that 
the refracted ray makes with the normal to the boundmg 
surface is smaller than that between the mcident ray and the 
normal to the surface , conversely, if the second medium M 
less dense, then the angle between the refracted ray and the 
normal is greater than that 
between the mcident ray and 
the normal 

Let PR be an mcident raj 
lymg in the plane of the 
paper Let this ray meet the 
surface AB separating 
different media, such as air, 
above, and a denser medium 
water or glass, below The 
surface AB is thus perpen 
dicular to the paper, and the 
normal MN in the plane of 
paper Let RQ be the 
refracted ray, which is also in the plane of the paper The 
angle PRM between the mcident ray and the normal m air is 
greater than the angle QRN between the refracted raj and the 
normal in water 



Fig 19 



Ji£:FJiACT10N OF LIGHT 


15 


Laws of Refraction 1 The incident ray, the normal to the 
surface at the point of incidence, and the refracted ray he in one 
plane 

2 The sme of the angle between the incident ray and the 
normal hears to the sme of the angle between the refracted ray 
and the normal a ratio which depends only on tlie tn o media 
and on the nature of the hght (Snell’s Law) 

If ^ be the angle of mcidenee and <(>' the angle of refraction, 
then by the second law 

sin <}> 

7 , r= a constant 

sin ^ 

n hich may be expressed by ft, and sm <j> = ft sm 

Thus ft IS the refractive index of the medium, and to find 
the retractive mdex we must know the ratio that the sme of 
the angle of mcidence bears to the sme of the angle of 
refraction 

If the first medium is a vacuum or air (vhich is practically 
the same), this ratio is called the absolute index of refraction , 
m other cases it is the relative refractive index of the tvo 
media 

This Iai\, discovered by experiment, is corroborated by a 
consideration of the w ave theory of hght, v here it is found that 
the refractive mdex of a medium is inversely proportional to 
the velocity of hght in that medium 


Thus the index of refraction « = — , tlie ratio of the velocities 
V* 

of light in the first and second medium 

If we are considermg light travelling from air to glass, then 
refractive index from air to glass 


velocity of l^;ht m^lasa 
~ velocity of hght in air 

If we consider hght travelling from glass to air, becomes 
the angle of incidence m glass, and the angle of refraction m 

air , then son = ft sm ft', andsm f 4*’ 

refractive mdex from glass to air 
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IJins the index of refraction from medium A to medium B 
IS the reciprocal of the index of refraction from medium B to 
medium A 

Total Reflection. When a ray passes from a medium of less 
density to one of greater density, then the angle of refraction is 
less than the angle of incidence , consequently, vhen a ray 
passes from a medium of greater density into one of lesser 
densitj , then the angle of refraction is greater than the angle of 
mcidence 

As the angle of incidence is increased the emergent ray mates 
a smaller and smaller angle 
with the surface of the 
medium 

If a ray is travellmg m 
any medium m such n direc 
tion that the emergent ray 
just grazes the surface of 
the medium, the angle which 
IS made with the normal is 
called the “ critical angle ” 

If the ray mates ■with the 
normal a greater angle than 
the critical angle, all light 
travelling in the direction 

sin angle of incidence 
^ sm angle of refraction 
sin critical angle 
sm 90* 

sin mtical angle 
= f 

sm critical angle = /x 

This, then, gives us a method of determining the index of 
refraction of a substance if we find experimentally the critical 
angle 

If the angle of mcidence be very small, by so much the 
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of the ray is totally reflected 
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smaller is the angle of rcfrachon, and then the arcs which 
correspond to these angles do not differ materially from the 
sines, so that 

^ =f^'- 

That IS, when the inoidenee is nearly peipendicular the angle 
of incidence is times the corresponding angle of refraction 
Refraction through a Parallel Plate Let there be a plate of 


I 



glass, ABEF, surrounded by air, and let ICDK be an mcident 
refracted and emergent ray 


sm o 
sm b 


= A/iG 


r=ApG 


Sin c 

sm a = sm c 
a = c 

That IS, the emergent ray is parallel m direction to the 
mcident ray 
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Prisms A prism is a medium bounded by two plane 
Burfnces meetmg m an edge and the angle that these two 
surfaces make is called tlie apical or refracting angle that part 
of tlio prism opposite the angle is called the base 



In a square prism the edge is the thmnest part the base is 
immediately opposite and the shortest line joming the apex 
and base wluch bisects the apical angle is termed the bise 
apex line 

If a square prism has been cut down to a circular or ovil 
shape such as is seen 
in cases of test lenses 
and spectacles the 
base apex line is tl at 
which passes through 
the centre of tl e lens 
at nght angles to tl e 
tangents to the thui 
nest and thickest part 
of the pnsm 
Prisms have several 
quahties but since in 
ophthalmology only 
prisms with acute 
angles are used the 
Fjc "3 property they posse'^s 

of altermg the direction of incident rays of light is the only 
one we need consider (Fig 23) 

We have seen that the effect produced upon mcident rajs of 
light by a plane lamma is merely to cause a displacement of 
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the direction of the rays to one side, so that the emergent rays 
are parallel to the incident rays, that is, PQ is parallel to RS 
If we imagme the side CD rotated about E, so that C meets A, 
a prism is produced and the angle of incidence at R is mcreased , 
consequently the deviation of RS must also be increased, and 



its neu direction uUl be RS' , hence a prism deviates rays of 
light tou ards its base 

To the eye placed on the opposite side of a prism an object 
appears displaced towards the apex, since the rays will be 
projected backwards 
through the prism in 
the direction from 
u Inch they appear to 
the eye to diverge 
(Fig 24) 

Let PQRS be a 
ray passing through 
a pnsm whose refract 
ing angle is a, that is, 
the angle at which 

itsrefractingsurfaces Fig so 

are mchned(Fig 25) 

Let RN and Q3I be the normals to the surfaces at R and 

Q 

Let the angle of mcidence PQ3I be », and the angle of 
lefraction LQR be r Let LRQ be r', and NRS be t' 
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By Snell’s law 

sill t = ;* sin r 
sin t' = /t sin r'. 

The angle ORQ = 90“ — r’ 

The angle OQR = 90® — r 

Now the sum of the three angles of a triangle is 180® , 
consequently 

a + (90® — r) + (00“ — r') = ISO®, 
that 13, r 4* « 

If the ray PQ had not been deviated by meeting the pnsm 
at Q, It would have continued its path to P', so that the 
deviation at the first face is represented by 

t — r 

and at the second by 

»' — r' 

the total deviation being 

D =(>-r)+(.'-r') 

= . + i' - (r + r') 

=*» + »'—« 

That IS, the deviation produced by a prism is equal to thei 
sum of the angles of mcidence and emergence minus the! 
refracting angle of the pnsm 

When the angles of incidence and emergence are equal, the 
ray is said to pass symmetrically through the pnsm 

The angle of incidence is greater than the angle of refraction, 
and the angle of refraction increases as the angle of incidence 
mcreases , consequently, m the triangle LRQ, as the angle 
at L 13 constant, the angle r' must decrease in size, and smee r 
mcreases less rapidly than t, t' must decrease more rapidly than 
r' Therefore, an mcrease in. the angle of mcidence causes an 
mcrease m the angle of deviation at the first face, and a decrease 
at the second, and as r is greater than r', the mcrease at the 
first face is greater than the decrease at the second, and so the 
total deviation is mcreased Agam, if we decrease the angle 
at the first face, we increase the angle at the second face 
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It IS, therefore, the symmetrical ray which undergoes 
least deviation, and this ray is called the ray of imnimum 
devtahon 

In ophthalmology we assume that rays of light strike the 
prism symmetrically, and when we discuss pnsms we allude 
to the deviation produced when rays strike them symmetrically 

In mmimum deviation 


» = t' 

a == 2r 

smce D = 2* — 2r 

= 2t - a 

We have seen that 

stn t /I sin r, 

and smce the angles are very small we may say 

* ^ fir 

D = 2;ir - a 

since a = 2r 

D s= — • a 

The mdex of refraction of glass used m raakmg pnsms is 



That is the deviation produced by a glass pnsm with a 
small refractmg angle is equal to half its refraotmg angle 
This rule holds for ophthalmic prisms where the refraotmg 
angle is small, and when the ray passes symmetrically through 
the prism 

Rotating Pnsms If we take two pnsms of equal strength 
and place them together so that the apex of one is against the 
base of the other, the result will be a thick plate of glass If 
now they are rotated in opposite directions, they produce the 
effect of a smgle prism, gradually mcreasmg until when they 
are apex to apex, their effect reaches its maximum, both m 
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deviating power and dispersion of light Such a combination 
of pnsms IS used in the apparatus for testing the power of the 
eyes to overcome diplopia m various directions 

The two prisms need not be placed before one eje only, but 
one may be placed before one eye and the other pnsm before the 
fellow eye, and the rotation effected whilst m this position The 
advantage is that the distortion is equally distributed between 
the two eyes and, also, the chromatic dispersion is less 

The nomenclature of prisms is of great importance, smce in 
prescnbmg prisms it is necessary to mdicate what is meant by 
the figures and signs we use 

1 One method, less frequently used now, is that found m 
many trial cases, and it is the geometrical measure of the 
mclmation of the two refractive sides, m other words, the 
measure m degrees of the apical angle 

This method corresponds to the old method of markmglenses 
m which the radius of curvature of the surfaces was mdieated 
It IS one that has bttle to commend it, as, naturally, the effect 
of the lens depends not only upon the curvature of its surfaces, 
but also upon the mdex of refraction of the glass used m its 
manufacture, and, in the same way, the effectmty of the prism 
depends upon its apical angle and the index of refraction of the 
glass We would, therefore, need to mdicate upon the 
prescription not only the apical ai^le of the pnsm but also the 
refractive mdex of the glass we wished to be used 

2 We prescnbe prisms for the effect they produce upon rays 
of light, 80 the method of markmg pnsms by the aiigh of 
minimum deviation is an excellent one If, therefore, on a 
prescnption we wnte 4® d, the optician understands that the 
pnsm to be used must give this effect to rays of light and it 
matters not what is the apical angle or the index of refraction 
of the glass, provided this effect is produced 

3 There are two other methods in use which have as their 

(ifiit tb& devistioa o */ 1 as st a distaaae ef J JModdox 

has named this the centime system, the arc centune being the 
angle subtended at 1 metre by 1 cm of arc, the tangent centune 
the angle subtended by a vertical Ime 1 cm m length at 1 metre 
distance 

(o) Prism Dioptre err Tangent CerUune — ^This measure m 
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designated by therefore 1 ^ is an angle ^vhose tangent 

IS 01 or 34 37643', but 10 A is 6® 42 6355 , which is not ten 
times the value of 1 A 

It has the advantage of indicating at once the amount of 
decentermg m a lens to produce the prismatic effect required, 
so that a 3 D lens decentered 1 cm u ill give the effect of 3 A . 
and so on 

It wdl be seen m speakmg of lenses that a convex lens may 
be considered as two prisms placed base to base, and a concave 
lens as tvo pnsms placed apex to apex The result, therefore, 
of decentermg a lens is to bring before the eye a pnsm, but 
decentermg a convex or concave lens inwards will have the 
effect of brmgmg a prism base m m one case, and base out in 
the other 

As the decentermg of lenses has a very hmited apphcation — 
for instance, to decenter a spectacle lens 2 cm an enormous 
origmal lens ■'^ould be needed— and as spherical aberration 
rapidly produces effects as the periphery of the lens is reached, 
the Bimphcity of calculation in deciding the amount of 
decentermg necessary . 

m a particular lens 

to produce a required / 

prismatic effect does \ / 

not overcome its ^ — \ / 

other disadvantages p y 

(6) The Central or B 

Arc Centune — ^Tahe Fig 28 

a Ime AB and from 

a point P draw PA, PB , the luie AB is said to subtend the 
angle APB at the pomt P (Fig 26) 

With P as a centre, draw a number of arcs of different radii 
between AB and BP , then all these arcs subtend the same 

angle at P, and the ratio is the same whate'v er the arc 

arc 

cliosen, and if the angle APB be ff, then ^ 

6 IS called the circular measure of the angle APB, and the 
unit of circular measure is the radian, w hicli is the measure of 
an angle subtended bj an arc equal m length to the radius 
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A radian is 57® 29578' 

Tho centrad is one hundredth of a radian that is 34 37747 , 
and it IS denoted by V . and is, therefore, the strengtli of prism 
that produces a deviation of 1 cm of arc at a distance of 1 
metre 

It has the great advantage that 10 V is equal to ten times the 
value of 1 V 

Refraction at Spherical Surfaces The laws of refraction maj 
be apphed to a pencil of rays mcident on a sphencal refracting 
surface in a similar way to that employed when applying the 
laus of reflection to sphencal surfaces 

Many of the terms employed there apply equally to cases of 
refraction, such as Prmcipal Focus Focal Length, Conjugate 
Focus and so on 

Refraction at a Convex Surface Let APB be a curved 
surface separating a medium on the ngth with refractive index 
equal to 1 and a medium on the left with refractive index equal 
to n 



Let C be the centre of curvature, and OPC the pnncipal 
axis 

Let OE be an mcident ray, and GEN a radius through E, and 
therefore a normal to the sorfece APB at B 

Let El be the refracted ray, and produce El to F 
Let /_ OEN = t. the /.lEC = FEN = r 
Then t = /_OEF == (» — r) = (/* — l)r, 

/.EOP = 0 AECP = C /BTP = X, 

/,OEN = /.ECP + /.EOP jitr = C + 0 


(I) 
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ZPEF = /EIP + /.EOF (ft - I)r == I + 0 (2) 

TVXultiply (1) by (/x — 1), 
and (2) by (p), and subtract 
Then pi — {p — 1)C + 0 = o 

pi + O = (p - 1)C 

Dra'w DE perpendicular to the optic axis, and let DE = y 

As the angles 0, 1, and C are small, they may be represented 
by their tangents 

Then DO ^ PO == it 

DI = PI = V 
DC ^ PC * r 




and 

That IS, 


-w . y _ - (f - i)y 

e **" tt r 



V u r 


When u is infinity - s zero, and v must bo equal to/, the 
focal length 



When light is refracted from a medium of refractive index pj 
to one of refractive index pg, we have seen that we must 

substitute p by — 

Ml 

So that F' = — - 

Ms — Ml 


F' = 


Ms ““ Ml’ 


which gives us the formula for calculatmg the antenor and 
posterior focal distances of the cornea 
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Lenses A lens is a portion of any transparent medium 
bounded by surfaces that are parts of spheres 
There are two principal classes of lenses 

1 Convex or converging 

(а) Double convex 

(б) Plano convex 
ic) Concaro convex 
or convex mems 
cus 

2 Concave or diverging 
(fl) Double concave 
(6) Plano conca\e 
(c) Convexo concave 

or concave mems 
cus 

The line joining the 

centres oftbe two spheres 
which bound the lens is 
called the principal ons 
of the lens 

A com ex lens maj be considered as a collection of pnsms 
having their bases towards the principal axis of the lens 
(Fig 30) 

A concave lens may be considered as a collection of pnsm? 
having their bases directed away from the principal axis of 
the lens (Fig 31) 

Thus we see that a convex lens causes rays to converge 
to a pomt on the principal axis whereas a concaie lens 
causes rays to appear to dnerge fitim a point on the prmcipal 


axis 

In the case of parallel rays this pomt is spoken of as the 
principal focus of the lens 

The distance between a lens and its prmcipal focus is called 
the focal length of the lens 

The reciprocal of the focal length of a lens is termed the 
power or dioptric strength of the lens 

The unit of power of a lens used in ophthalmology is spoken 
of as a dioptre (D) which is a lens of I metre focal length 
Convergent lenses are positive (and have the sign -{-) wlicre®^ 
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divergent lenses are negative (with the sign — ) Thus, to find 
the power in dioptres of a given lens, express the focal length 
in terms of a metre, obtain its reciprocal, and change the sign 
of the result 
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Thus, given a concave lena of 50 cm or half a metre focal 
length, the reciprocal is 2, and, changing the sign, we have 
— 2 dioptres as the power of the lens 
Ophcal Centre of a Lens. Let B, S be two points on the 
lens at which the faces may be considered to be parallel 
Jom these two points, and let the line joming them cut the 
axis AA' in the pomt C This point is called the optical centre 
of the lens 

Draw RO, SO', normals at R and S, passmg through 0 and O', 
the centres of curvature of the faces, and let R*, R® be the 
radii of the spherical surfaces, that is R^ = RO and R- = SO'. 
Then RO and SO' are parallel 
The triangles ORC, O'SC are similar 

^ — 9 ^ 

0 C “■ O'S ” O'A' 


Therefore 
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Hence 


AC _ 0^ _ 

A'C ~ O'A' “ R2’ 


i e , the point C divides 00' m a definite ratio depending only 
upon the radii of the tivo spherical surfaces 
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Since the angles between BS and the normals at B and S are 
equal, the angles between these same normals and the incident 
and emergent rays at B and S are also equal , and as the 
normals at R and S are parallel, then the mcident and emergent 
rays at B and S are parallel 

Therefore, if a ray be mcident on a lens m such a direction 
that the refracted ray m the lens passes through the optical 
centre, the emergent ray is parallel to the incident ray 
If, therefore, the mcident and emergent rays are parallel, the 
path of the ray m the lens intersects the axis m a fixed point, 
which IS called the optical centre of the lens 
The lenses with which we deal in ophthalmology are very 
thm compared with their focal length, anti so the points A 
and A' are very near together, and thus the optical centre C is 
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very close to either of them. We therefore neglect the thickness 
of the lens and consider the emergent and incident rays as being 
in one straight line. 

The optical centre of a thin lens is a point on the principal 
axis such that any ray ■which passes through it undergoes no 
deviation. 

The optical centre varies in position with the different forms 
of lens. 


Double convex lens 
Double concave lens 
Plano convex lens 
Plano concave lens 
Convex meniscus 
Ooncave mentscus 


Inside. 

Inside. 

On convex side. 
On concave side. 
Outside. 

Outside. 


To find the image of a point formed by direct refraction throtigh 
a thtn eoncaie Une. 
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We need only trace the path of two rays. 

1. A ray parallel to the principal axis which, after refraction, 
appears to pass through the principal focus. 

2. A ray passing through the optical centre, which has its 
direction xmchanged. 

The object may be between the lens and the principal focus F, 
when the image will be virtual, erect, diminished in size, and 
between the lens and F, or outside F, when the image is virtual, 
erect, diminished, and between the lens and F. 
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To find the image of a point formed by direct refraction through 
a thin coniex lens 
If tlie point 13 



(а) At a distance less than /, the focal length 

The imago is virtual, erect, magnified, and on the same side 
of the lens ns the object 

(б) At the principal focus 
The image is at infin ity 



(a) At c3 distsace greats than /, hut hss than 2/ 

The image is real, mverted, magnified, on the other side o 
the lens to the object, and outside 2F 
(d) At 2r 

The image is real, inverted, of the same size, on the other side 
of the lens to the object, and at 2F 
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(e) Outside 2P, but at a distance le^ than infinity. 

The image is real, mverted, diminished, on the other side of 
the lens, and betireen F and 2F (cf (c ) ) 
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Conjugate Foci An object in the medium on the right of 
the lens is brought to a focus at a point in the medium on the 
left of the lens, and smce the path of the rays may be reversed, 
a pomt in the situation of the image on the left of the lens 
wiU form an image in the position of the object on the right of 
the lens 

These tvo points are called conjtigafe foci, and m the case of 
all reflecting and refracting surfaces an object and its 
geometrical image form conjugate foci 

To obtain a formula connecting the iwsttions of an object and 
tie image formed by direct refraction through a thin lens 
In the similar triangles FNQ, RNS (Fig 37) 



Fio 37 
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RS “ NS 

In the similar triangles AFN, RFS 
AN FN 
RS “ FS 

Smce AN = PQ, 

PQ_]m 

RS “ FS 

Then from (1) and (2) 

NS 

/ 

M f — V 
vf — IIV =fv 

Dividing by «/i 

1 _ 1 _ 1 
V / ~ 


( 1 ) 


( 2 ) 


1 1 1 

v'~Z^J 

If it be remembered that the focal length is negative, and that 
all distances measured behmd the lens are given a negative 
sign this formula can be applied to convex lenses whatever be 
the position of the object 

Cybndncal Lenses Besides the sphencal lenses described 
above there are used, in ophthalmology, cylmdrical lenses, so 
called because they are the segments of a cyhuder of glass cut 
parallel to its axis Such a segment forms a coniex cylindrical 
lens, whereas a similar segment from the mould m which the 
cylmder was cast will form a concave cylmdncal lens 

The 0X15 of a cylmdrical lens is parallel to that of the cylmder 
of which it IS a segment and must not be confused with the 
optic axis of a spherical lais which is the Imo joimng the 
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centres of curvature of its two surfaces In the direction of 
its axis the cylindrical lens acts as a plane lamina with parallel 
sides which w e have seen has no effect upon rays of light that 
strike it normally In the direction at right angles to its axis 
the cylindrical lens is spherical, either convex or concave, as the 
case may be, and in this direction a cyhndrical lens acts as a 

I A' 
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piano convex or piano concave lens causing rays to converge to 
or diverge irom a point 

The image of a pomt formed by a cylindrical lens is not a 
pomt hut a line, the focal line of the lens, which is parallel to its 
axis, and as a result no distinct imago is formed 

Combination of Two Lenses. Suppose we have two thm 
convex lenses, A and B, of focal lengths fj and /j 


HEFRiC 
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Consider the first lens, A 

1 1 1 

““/i ■ ■ 

Consider the second lens, B 

t tt j ~ /a* 

Let the image formed by A act as the object of B 
Suppose the lenses to be in contact, and, bemg flun, neglect 
their thickness 

Then tt. = v. 


1 _2_ 

Let the object he at infinity 

It s= uifijuty 

Then - = 0 and = fi 


( 2 ) 


1 i_ 2_ 

*• /i /i 

Let F « focal length of the combined lenses A and B 
Tlien t = F 


i -1 1 

F“/. 


(3) 


Therefore the poa er of a combination of lenses in contact is 
the algebraical sum of the power of the lenses 

Suppose the lenses are not m contact, but separated by a 
distance C, then, with the object at infimfcy, 


=/, + C 
1 1 1 
r“A + C-/3’ 

^ I 

I /i /j d- G 

1 1.1 


that IS, 
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Combination of Cylmdncal Lenses From the above 
consideration of spherical lenses m contact, it will be apparent 
that if tw 0 cylmdrical lenses ate held m contact v ith their axes 
parallel, their combmed power will be the sum of the power of 
each lens 

If now the lenses be held with their axes at right angles to one 
another, there will be two focal lines perpendicular to one 
another through which all the rays must pass When the two 
lenses are of the same power and sign these two Imes will 
intersect, and it will be found that the combined action is that 
of a spherical lens of the same sign and power as either of the 
cylmdrical lenses For example a -|- 2 D cyl ax 90 combined 
with a 4- 2 D cyl ax 180 will be equal to a 2 D sph 

A combmation of two cylmdncal lenses of the same sign and 
different power with their axes at right angles will be equal to 
a spherical lens and a cylmdncal lens of the same sign For 
example a combmation of a + 4 D cyl ax 90 with a -f 2 D 
cyl ax ISO w lU be equal to a + 2 D sph with a ^ 2 D cyl ax 
90, as will be seen from a consideration of a combmation of two 
cylmdncal lenses of the same sign and power at nght angles to 
each other 

A combmation of a sphencal lens with a cylindrical lens of 
the same power but opposite sign, w ill be equal to a cylmder of 
the same power but opposite sign whcffle axis is at right angles 
to that of the given cylmder For example, a + 3 D sph 
combmed with a — 3 D cyl ax 90 is equal to a 4- 3 D cyl 
ax 180 

A combmation of a sphencal lens with a cylindrical lens of 
opposite sign and loner power will bo equal to a spherical lens 
of the same sign with a numerical value equal to that of the 
difference of the value of the sphencal and cylmdncal lenses 
combmed with a cyUndncal lens of the same value as the given 
cylmdncal lens but of opposite sign with an axis at right angles 
to that of the given cylmdncal lens For example, a 4- 3 D 
sph combmed with a — 2 D cyl 180 is equal to a 4- 1 D sph 
combmed with a 4- 2 D t^l ax 90 



CHAPTER II 

THE OPTICAL CONSTANTS OF THE EYE 

The refracting apparatus of the eye consists of several 
structures which, 'when combined ui action, form a very strong 
refractmg system of short focal length, so that the eye may be as 
compact as possible These structures are the cornea, aqueous 
humour, crystalline lens and vitreous humour, and thus raj’s 
of light entermg the eye are refracted in this order, at the 
anterior surface of the cornea, bj’ the substance of the cornea, 
at the posterior surface of the cornea, by the aqueous humour, 
at the anterior surface of the lens, by the substance of the 
lens, at the posterior surface of the lens, and last, by the 
vitreous humour 

The study, therefore, of the dioptric mechanism of the eye 
presents many problems before accurate knowledge of the 
behaviour of rays on their way to the retma can be ofatamed 
It will be necessary to know the radu of curvature of tbs 
various surfaces, their relative position one to the other, and 
the indices of refraction of the media The usual methods of 
the laboratory do not apply m many mstances, as direct 
measurements with mstniments cannot be apphed to the 
hving eye, and after death such profound changes take place 
m these dehcate structures, as well as m the curvature of the 
surfaces that observations m such circumstances are of small 
value 

The indices of refraction of the media are the more 
easily mvestigated, as material can be procured very soon 
after death and esammed with the various forms of refracto- 
meter 

For the measurement of the radu of curvature of the surfaces 
special methods have to he devised, as well as for the relations 
of the surfaces one to the other 
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The indices of refraction of the various transparent media of 
the eye have been measured many times these figures vary 
only a httle, and the following are the most recent results — 


Refracting Medium 

Index of Refraction 

- 

Cornea 

1 3771 

Aqueous humour 

1 3374 

Capsule of lens 

1 3599 

Outer layers of lens 

1 3880 

Aliddle layers of lens 

I 4060 

Nucleus of lens 

1 4107 

Vitreous humour 

1 3360 


There are several features in these figures that call for 
comment first, the mdices of refraction of the cornea, aqueous 
and Vitreous are approximately the same, and equal to that of 
water The lens is not homogeneous but is formed of a series 
of concentric layers of media of different consistence, so that 
the index increases layer by layer towards the nucleus where 
the index is highest Not only so, but the curvature of these 
superimposed layers also mcreases m the same direction, t c , 
towards the nucleus, which, compared vith the general outlme 
of the lens, is approximately globular 
After death there is frequently produced an artificial 
separation between the cortical layers and the nucleus itself 
Tschermng has shown m the ox, that mstead of there hemg 
three images of Purkinje, one from the cornea, and tlie others 
from the anterior and posterior surfaces of the lens respectively, 
there appear two others, one from the convex anterior surface 
of the nucleus, and a smaller one from the concave posterior 
surface of the nucleus These images are much smaller than 
the images formed on the anterior and posterior surfaces of the 
lens itself, and so prove that the curvature of the nucleus is 
greater than that of the surfaces of the cortex The foUowmg 
diagram is copied from Tschermng — 
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We may thus consider the lens as composed of many layers 
of divergent menisci, mcreasmg m power and refractive index 
until the nucleus itself is reached, which m its turn may be 
considered as a very highly convex lens, with a still higher 
mdex of refraction 

The result is that the concavo convex menisci neutralise 
part of the effect of A, and the less so m proportion as their 
refractive index is lou er Smce B, C, have a lower refractive 
mdex than A, the total action of the lens i& greater than if it 
had the game index as A, » e , if the Jens uere homogeneous 
and had the high refractive power of the nucleus 
throughout (Fig 41) 

The mdex of refraction of the cornea is shghtly higher than 
that of the aqueous and vitreous humours, and also of the tears 
that bathe it however, as the mitenor and posterior sxirfaces 



IMAGES OF PURKINJE 


39 


of the cornea are approximately parallel, rays passing through 
it -vviJl be refracted as by a plate, and mil continue tlieir path 
parallel to the previous direction and onlj displaced to one side 
We may, therefore, 
consider the eye as 
though it consisted of 
tliree media only, the 
aqueous, lens and 
vitreous, separated by 
surfaces that are 
approximately centred 

The Curvature of the 
Surfaces As was 
stated above, direct 
measurements cannot 
be appbed to the living 
eye m estimating the 
curvature of the cornea and lens and after death so much 
Bhnvellmg takes place in these delicate structures that these 
usual means ha\ e faded 

The cornea, and the anterior and posterior surfaces of the 
lens each behave as mirrors, the 
cornea and anterior surface of 
the lens as convex mirrors the 
postenor surface of the leJis as a 
concave mirror 

To Observe the Images of 
Purkinj^ If a candle be placed 
m front of and on the same level 
as an observed eye so that the line 
which unites the flame with the 
eye and its optic axis makes an 
an^e of 36°, then if the observer 
place himself at his oi\n least distance of near vision on the 
opposite Side, raakmg an equal an^e with the optic axis of 
the observed eye, three (and if care be taken, four) images of 
the candle flame appear 

A bright, erect image of the candle of medium size will be 
formed on the anterior surface of the cornea it is most easily 




Fio 41 (Luciani ) 
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recognised, and corresponds to the bnght spot of light seen m 
the cornea of any one facing a light 
Just to one side of this is seen a smaller and less distmct 
erect image of the candle flame (not shown m the diagram) 
formed on the posterior surface of the cornea 

Outside this image, and nearer the middle of the pupillarj 
area, is seen a larger, Jess bright, and more diffuse erect image 
of the candle flame, reflected by the convex anterior surface of 
the lens It is larger than the first comeal image, because the 
anterior surface of the lens is less curved, less bright beoau'ie 
the difference between the refractive indices of the aqueous 
and lens respectively is sbght, and, consequently, less rays are 
reflected It will be found that this image appears to moa e m 
the same direction as the head of the observer, showmg that 
the image is formed behmd the plane of the pupil 
The remaming image is much smaller, mvertcd, and there 
fore, a real image and is formed by the posterior concave surface 
of the lens It is less bnght than the first comeal image for a 
similar reason as m the case of the image from the anterior 
surface of the Ions and smaller because reflected by a surface 
of less radius of curvature than that of the cornea With a 
movement of the observer’s head, very bttle movement appears 
in the image, ^yJneh is, therefore, formed approximately in the 
plane of the pupil Advantage is taken of these images to 
measure the radu of curvature of the refractmg media of tlie 
eye 

The Formation of Images in Convex Mirrors The image 
produced by a convex mirror is an erect image, dimimshed in 
size and placed apparently behmd the mirror Smce the greater 
the curvature of the mirror the smaller the image, it is possible, 
by measurmg the size of the image of a given object formed m 
the mirror to deduce the radius of curvature of the mirror 
Let AB be a convex mirror, C its centre of form, OC its 
ladvaa of ovavatuie, asid F its focus 

Let PQ be an object 
Trace two rays 

(1) PO passmg through the centie of curvature 

(2) A parallel ray PA which after reflection, tvill pass 

through the prmcipal focus if produced backwards 
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We find that the image i3 
Virtual 
Erect 

Behind the mirror, and since it is alwajs confined 
between the converging lines PQ, QO, it must be 
dim inished in size 
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NowPQ RS QC CS 

n,, r QC X RS 

Therefore CS =* — — 

If PQ be at infinity, then RS must be v^ry small and very 
near F, t e , CS is nearly equal to CF 
CF IS equal to JOC 
Let PQ “ o 

ES =t 
QC =tt 
OC =r 

2ui 

Then r == — 

For example, m determining the radius of curi'ature of the 
cornea, the object used was 1 metre m length at a distance of 
3 8 metres The size of the reflected image w as I mm 
2 X 3,800 X 1 

Therefore r = 1000 = 6 mm. 

In the case of an otdmary convex mirrot- m which we wish 
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to find the size of the reflected image, this may easily be done 
by direct measurement with a telescope m which a raolh 
metre scale is fixed at tlie pnncipal focus of the objective 
In the case of the eye this is not possible, owing to the 
ilifficulty presented bj shght movements of the eye which 
make the measurement of such very small images maccurate 
An instrument, the ophthalmometer, Tvas designed bj 
Helmholtz to measure tndtrecily the size of reflected images 
on the cornea and lens, but before we can understand its 
practical application it is necessary to examme its optical 
jinnciples 

The Principle of the Helmholtz Ophthalmometer "When a 
ray of light falls normally on a glass plate it passes through 
without refraction If, however, it strikes the plate obhquely, 
then the ray is deviated from its course, but after agam reachmg 
the ongmal medium m which it was travelling, it is agam 
refracted so as to be parallel to its ongmal directjon altbougJi 
laterally displaced, the displacement dependmg upon the angle 
of incidence of the raj 

Let ABCD (Fig 44) be a plate of glass, and ac a raj 
impmgmg obliquely upon its surface 

It IS refracted in the direction ct, and on passmg agam mto 
the air it is a second tunc refracted m the direction xl, and it 
IS parallel to ac 

Draw nc perpendicular to AB and continue it to k 
Draw mi perpendicular to DC and contmue it to o 
The angle acn is equal to the angle mil bemg formed by 
jiarallel Imes fallmg upon parallel surfaces 
The angle acn is the angle of mcidence, » e « 

The angle Aci is the angle of refraction, t e /9 
Now the sine of the angle of incidence bears to the sine of the 
angle of refraction a constant ratio which depends onlj' on the 
two media and on the nature of the hght 

/ e , = a, te , the mdex of refraction betw een t lie tw o 

Bin p ^ 

media 

The eye at Z \vill see the pomt a as if it w ere at b, that is, the 
pomt a has been displaced by the gla'JS plate the length of the 
Ime ab 
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It 18 required to find the amount of this displacement 
Draw c/ parallel to ab, and therefore equal to ab, and let 
cf be e Then c represents the displacement 
Iiet P be the thickness of the plate 
In the triangle cif 

€ . 

— = sm ctf 

ct ^ 

= sin (otj — tMc) 

= sm (a — /S) 

/. e = c» am (« — /3) . . . . . . (1) 
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In the triangle cnc 


- = cos OIC 


= cos P 

ot P 
~ cos /5 cos ^ 

Substituting this value for ct m equation (1) 

P sin (a — P) 

~ cos p 

If we have to deal uith two plates displacing the image 
equally in opposite directions the displacement will be double 
Then if E be the total displacement by the two plates 


E - 2P 


sm (o — fi) 
cos P 


The Helmholtz ophthalmometer consists of t^o plates of 
glass of knoim tiiickness and index of refraction placed side by 
side so that each covers half of the objective of a short distance 



telescope the axis of the telescope comcides with the plane 
of separation of the glass plates These plates can be inclined 
one to the other at known angles and so the angle of incidence 
of light falling on them from a pomt in front can be varied and 
measured 
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A pencil of light from 0 meets the plate D and is refracted as 
shown in Fig 45 , the rays on emergence are 
parallel to their direction before entenng the 
plate, but have undergone lateral displacement 
owmg to the thickness of the plate, so tliat they 
appear to come from A 

Likewise, tliat part of the pencil that passes 
through E appears to come from B, and so, if 0 
represents a small object, there will appear, 
after refraction through the plates tn o similar 
objects at A and B 

L IS the objective of the telescope and by it 
two real images of A and B mil be formed at 
A' and B' respectively The eje piece of the telescope M is so 
arranged that its prmeipal focus comcides with the images A' 
and B', hence the eye receives parallel rajs which, mtliout 
accommodation, come to a focus upon its retma at a and b 
If a circle, whose centre is 0, be viewed through two mclmed 
plates, and if the double images are separated to such an extent 
that the two circles A and B appear to touch at 0, then each 
plate has displaced the corresponding image through half the 
diameter of the circle, and the total displacement AB gives the 
diameter of the circle (Fig 46) 

The angle of incidence being measurable and the index of 
refraction and thickness of the plates being knowm, this 
displacement can bo calculated from the formula 

2 P sm (a — j3) 
cos p 

If 0 be the image formed at the surface of the cornea or lens 
of an object of known size placed at a known distance, then all 
the necessaiy data are available for the calculation of the radius 
of curvature of the surface from the formula 



The radii of curvature of the dioptric surfaces of the eye thus 
determmed are 



\ / 
V / 

s. ^ X 

Fio 46 
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Antenor surface of the cornea 

7*98 mm 

Posterior surface of the cornea 

6 22 „ 

Anterior surface of the Iftna 

10 20 „ 

Posterior surface of the lens 

G 17 „ 

Respective Distances of the Dioptric 

Surfaces Besides 


determining the curvatures of the refracting surfaces of the eye, 
it IS also necessary to know their respective distances one from 
the other along the optic axis 
These have been determined, and are as follows 
From the anterior surface of the cornea to that of the lens = 
3 6 mm 

From one surface of the lens to the other 4 0 mm 
Let and Sj bo two surfaces, say, of the cornea and lens 
liavmg their centres of curvature at Cj and Cg respectively, 



and Jet d be the distance between their poles measured along 
the optic axis SjCi represents the radius of curvature of the 
cornea R, already detennmed (Fig 47) 

In the ophthalmophakometer used I)j Tscliermng lor t’ue 
determmation of these distances m the eye, SiSoCj is the visual 
hne of the eye vv Inch fixes a point M on a graduated arc Two 
sources of bght A and B and a tdracope are also mounted on 
movable carriages on the iwc 

A ray ASj is directed from A to the summit of the anterior 
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surface of the lens and the telescope L is moved along the arc 
until it receives the reflected ray from Sg The angle AS 2 L is 
measured on the arc, and as the incident and reflected rays form 
equal angles with the visual Ime MCi, the angle ^ is equal to 
half the angle ASgL 

With another source of light B, an image is formed at the 
anterior surface of the cornea, and the cursor is displaced until 
the image of this source is superimposed upon that of the 
source A reflected hy the anterior surface of the lens at Sg 
The angle y is then determined from the angle BIL, which is 
measured on the graduated arc 

A formula can now he derived from which the distance S^Sg 
or d can he calculated 

In the figure, produce ISj and drop a perpendicular CjP to it 
from Cj 

Then in the triangle CiIP 


% e , CiP = R sm y 

In the triangle C^SgP 

CiP 

* e , CiP = CjSg sm ^ 

= (R — d) sin jS 

Equating these two values for CiP 

R sm y = {E — d) sm /5 
d sm j3 = R (sm p — sm y) 


R (sin 8 — sm y) 

• ^ 2 

sm p 

Certam corrections have to be made, knowing that the optic 
and ^ isual axes do not coincide, and also, owing to the refractive 
power of tlie cornea and aqueous, the value of SiSj is onlj 
apparent 

Indices of Refraction of the Media The mdex of refraction 
of a liquid or a soUd can be determmed by findmg its crthcdl 
angle This is the principle of the Abb6 refractometer, and, by 
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its help, verj accurate determinations have been made of the 
^a^ou3 media of the e^e 

The Optical Constants of the Eye. 


Position of the antenor surface of the cornea 0 00 

Position, of the postenor surface of the cornea 1 16 

Position of the antenor surface of the lens 3 64 

Position of the postenor surface of the lens 7 60 

Eadius of curvature of the antenor surface of the cornea 7 93 
Eadius of curvature of the postenor surface of the cornea 6 22 
Hadius of curvature of the antenor surface of the lens 10 20 
Radius of curvature of the postenor surface of the lens 6 17 

Index of refraction of the atr ZOO 

Index of refraction of the cornea 1 37 

Index of refraction of the aqueous humour 1 33 

Index of refraction of the lens (total) 1 42 

Index of refraction of the vitreous 1 33 


We are noiv m a position to discuss the dioptnc % aluea of the 
vanous refracting media of the eye, knoiving their radu of 
curvature, indices of refraction and position on the optic axis 
The Cornea The cornea bounds the division between two 
media the air in front, the aqueous behind As the indices of 
refraction of these two media differ, so wiP the power that the 
cornea exerts upon rays differ, depending upon whether they 
pa'^s from a me^um of less density to one of greater density, 
or txcc lersd As the refractive power of a lens depends upon 
the relation between its mdex of refraction, and that of the 
surrounding medium so w e shall find that rays passing through 
the cornea to the air will be broi^ht sooner to a focus than is 
the case with rays passing from the cornea into the aqueous 
(See p 25, p 132 ) 

Thus we find that the anterior focal length of the cornea is 
24 mm , whereas its posterior focal length is 32 mm 

The Lens In the case of the lens the medium on either 
side of it has practically the same index of refraction, t e , 1 33 
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for both the aqueous humour and rjtreous The lens itself 
has a mean refractive index of 1 42 

We have to consider, however, the refractive power of the 
antenor and posterior surfaces of the lens respectively, and in 
each case the surface bounds two media of unequal mdex of 
refraction , moreover, each surface has its own radius of curva- 
ture Thus, the anterior surface, with a radius of curvature of 
10 20 mm , separates the aqueous with an mdex of 1 33 from 
the lens substance with an mdex of 1 42, whilst the posterior 
surface, with a radius of 6 17 mm , separates the vitreous 
humour with an index of 1 33 from the substance of the lens 
The antenor focal length of the antenor surface of the lens 
is 160 73 mm , and its postenor focal length 160 93 mm 
For the posterior surface of the lens the figures are — 
Antenor focal length 97 35 mm 

Posterior focal length 91 18 „ 

Taking now the lens as a whole, knowing its thickness to be 
4 mm , we may consider it as a biconvex lens, so situated that 
the medium on either side of it has the same mdex of refraction, 
and so the anterior and posterior focal lengths wiU be the same, 
namely, 56 3 mm , givmg a dioptric value of 17 8 
The Schematic Eye We have now all the data required for 
considermg the eye as a whole as an optical apparatus When 
rays of hght after traversing one medium meet another, and 
yet a third, each with a different radius of curvature, and with 
different mdex of refraction, the problem of calculatmg the 
position and size of the resulting image becomes one of great 
difficulty and complexity Takmg the first surface, we might 
find the position and size of the image formed by it, and then, 
using this image as the object of the second surface, deal 
similarly with the image formed by it, and so on through all the 
various surfaces and media of the eye This would ahi ays bo 
necessary when deahng with ^steins of lenses m which their 
thickness could not be neglected, and not so near together that 
their distance one from the other could be ignored 

The investigations of Gauss, extended by Listing Iiave 
provided us with a much simpler method of deahng witli thin 
axial pencils of light, the foUowmg bemg an account of their 
conclusions 
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For every dioptric system, formed of any number of media 
bounded by centred spbencal snrfvces, there exist three pairs of 
cardinal pomts, called principal foci, pnncipal pomts and nodal 
pomts, these last being added by Listing They are all situated 
upon the prmcipal axis of the sjstem (Fig 48) 

The first pnncipal focus ) is the pomt on the prmcipal 
axis at which parallel rays emergmg from the system mtersect 
The second prmcipal focus (^") is the pomt on the prmcipal 
axis at which parallel rays entering the system mtersect 
The prmcipal pomts (A'/i") are such that an mcident ray 
passmg through the first prmcipal point passes after refraction 
through the second prmcipal pomt, but the mcident and 
emeigent rays are not necessarily parallel in direction The 
second pnncipal pomt is the image of the first pnncipal point, 
and they correspond to the conjugate foci of a simple lens 



The nodal pomts (i A ) are such that eaery ray uhich before 
refraction is directed towards the first nodal pomt, after 
refraction appears to come from the second nodal point, and 
takes a direction parallel to the direction of the mcident ray 
These two hues are the Imes of direction of the system, and 
are comparable to the hne drawn through the optic centre of a 
surface bounding a smgle refractmg medium m a simple system 
The nodal pomts are the image one of the other 

TSto planes drawn through and at right angles to the 
prmcipal axis m the case of axial pencils are called the first and 
second focal planes respectively, and similarly two planes 
drawn through h' and h ’ are known as the first and second 
pnncipal planes 
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Rays that originate from a point on the first focal plane are, 
after refraction, parallel to each other and to the lines of 
direction 

Incident rays parallel to each other, after refraction, intersect 
in some pomt on the second focal plane, and at a pomt where 
the correspondmg line of direction cuts the second focal plane 
Tlie pnncipal planes are such that an incident ray and its 
correspondmg emergent ray cut the two prmcipal planes in 
two pomts, situated on the same side of and at the same distance 
from the prmcipal a\is , thus the second prmcipal plane is the 
image of the first principal plane The first prmcipal focal 
distance, F', is the mterval ^'h’ which separates the first 
principal focus and the first principal point 

The second prmcipal focal distance, F", is the interval 
4>’'h",v,hi6h separates the second principal focus and the second 
principal pomt 

The first focal distance, is equal to the distance betw cen 
the second prmcipal focus and second nodal pomt, 

The second focal distance, ^"A" is equal to the distance 
between the first prmcipal focus and first nodal pomt, 4>'V 
Thus the distance between the first prmcipal pomt and first 
nodal pomt A'X' is equal to the distance between the second 
prmcipal pomt and second nodal pomt A"A" and A'A" = Vi" 
To Construct an Image formed by a System of Cardinal 
Points The intersection of two rays only is required, as wo 
have seen m the consideration of tlim lenses when ve wish 
to find the image of the point G 

1 The ray GA, parallel to the aiis, will cut tlie second 
prmcipal plane in D, so that DA" is equal to A/t', and must pass 
through in the direction DH 

2 The ray GB passmg through is, after refraction, parallel 
to the axis, and passes m the direction EH 

S The Tsy Gl', JBeetmg the Sist- nodal point .1', wJJ pa^s 
through V, m the direction A"H, parallel to its first 
tlirection 

Conjugate Distances, and the Magnification in Conjugate 
Planes, referred to Focal Points In the figure (48) — 

The triangles GL^', BA'^' are similar 

Puttmg GL = y, BA' = y’ and L^' = V, ^'A' = F\ 



52 THE OPTICAL CONSTANTS OF THE EYE 


GL 14' 

BA' " f A', ••■•••• (1) 

y_£_ 

Similarly, from the similar triangles D^S"A", HMjS". 

Putting = I", ^"A" — F" 

DA" = All’ = GL = y, 

MH = EA" = BA' = y\ . 

V F” 

we have — , = — (2) 

^ * 

The distances V and I” are the axial distances of conjugate 
points L and M measured from corresponding focal points. 


we have 


thatii 


The ratio — is tiie magnification (M) so that 
I" 


M — — p„ 


(3) 


From wJiich we obtain 

VI” = F'F” (4) 

from which equation the distance I" may be calculated from the 
object distance V if F' and F" be known, 

Conjugate Distances referred to the Principal Points. In 
figure 4S — 

put LA' = 

MA" = p”. 

Then V =p' — F' 

V =p” — F” 

so that IT' = F'F" becomes (/>' — F')ip" — F") = F'F" 
or p'p” — p'F" — p”F' + F'F" = F'F" 

or p’p” =p'F” •\-p”F'. 

Dividing hy p'p” 


p p 


We have now the information wherew'ith to construct a 
simplified or schematic system having the same refraction as 
the human eye, hy adding together the comeal and lenticular 
systems, and so finding the six cardinal points, the two principal 
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foci, two principal points and tw o nodal points of the schematic 
eye 

By applymg the rules and calculations of Gauss to the 
optical constants already determined, Helmholtz arrived at 



the following table of measurements, m ■uhich the distances 
in millimetres are taken from the apev of the cornea 


First principal point, P 

1 75 

Second prmcipal pomt, P' 

210 

First focal pomt, F 

13 75 

Second focal point, F 

22 70 

First nodal point, H 

6 96 

Second nodal pomt, N' 

7 32 

Anterior focal distance, PF 

15 50 

Posterior focal distance, P F" 

20 70 


As the two pnncipal points, and, therefore, the two nodal 
pomts, are so close together, there can be no great error in 
taking an mtermediate pomt as the one principal pomt, and 
dealmg similarlj with the nodal points 

In this way ne arrive at the “reduced eye,” in which the 
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se\ eral surfaces and media of the actual ej e are replaced bj an 
ideal Bphencai surface, having one nodal pomt , the two media 
which the surface separates are supposed to be the air on one 
side and water on the other 

So as to deal in round numbers, a much simpler method 
for rougli chnical work, Donders still further simplified tlie 



“ reduced eye ” so that we have now the following measure- 
ments 


Distance of the ideal surface from the 

anterior surface of the cornea . 2 mm 

Radius of curvature of the theoretical 

surface • • . . • • h ,, 


Relative index of refraction 

Anterior focal distance 
Posterior focal distance 


■ 3 — 

15 mm. 
20 „ 


The Size of the Rehnal Image. With the reduced eye of 
Donders it is not difficult to calculate the size of retinal images, 
and the matter is of interest m measurmg the size of the 





APPABENT POSITION OF PUPIL 


55 


diseased area of the retina that corresponds to a scotoma in tlic 
field of vision 

We require to know the size of the object (the scotoma) and 
its distance from the eye 
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Let oo' be the object and from the extremities draw rays of 
direction through the nodal pomt N so as to cut the retina in ii' 
The triangles oo'N, tt'N are similar so that 


ti' oo' = tN oN 


_ oo' X tN 
oN 


Let 0 be the size of the object oo', I the size of the imago 
and D the distance, oN 


Tiien 


0 X 15 mm 
5 


For example, let the length of O be 1 500 
20,000 ram 


Then 


1 500 mni X 15 nun 
20,000 uim 


mm , and D be 
1 13 mm 


The Real and Apparent Position of the Pupil The coloui and 
form of the ins can be seen m life, owmg to the transparency of 
the cornea and aqueous humour The vaiymg diameter of the 
pupil can be observed and measured but owung to the difference 
between the indices of refraction of the air and the media of 
the eye through which it is seen, the pupil is not seen in its 
real position, nor anth the real diameter of its opening We are 
observmg the ins as we observe a stick partially immersed m 
water, m w hicli the part immersed appears bent towards the 
surface of the water, and m the same way, the ins appears 
displaced forwards and the pupil appears of large size 
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The iris is in relation to the cornea as an object placed 
behind a lens between its principal plane and its principal focus, 
thereby turning this lens into a simple magmfjTUg glass, pro* 
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ducmg a vutual erect image of the pupil, magnified, and placed 
between the principal focus and the surface of the cornea 
Let A be the upper border of the pupil Taking an incident 
ray AI' parallel to the axis, which after refraction passes through 
the principal focus Fj, and another FjAI, which after refraction 
takes a course IL parallel to the axis, the image of A will be 
found at A' By a similar construction the image of B utU be 
found at B' 

We know that the real position of the iris is upon the antenor 
surface of the lens, which is 3 5 mm behind the anterior surface 
of the cornea 

By the general formula 




P" 


= 1 , 


where P' is tiie astenar pnocipa] Sbcus, P” ihe posterior 
principal focus, p” the distance of the object from the surface, 
and p' the distance of the image from the surface {See p 53 ) 


32 47 24 53 

3 54 + ~jr 


p' — — 3 mm. 
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Hence the apparent position of the pupil is approximately 
half a millimetre nearer the cornea than the real position 
The magnification may be found by the formula 

1-El 

0 “ I' 

in which i" IS the distance of the object from the posterior 
prmcipal focus, that is, 32 47 mm — 3 54 mm = 28 93 mm , 
and it will be found that for a real diameter of 4 mm the 
apparent diameter la 4 5 mm , that is, an increase m size of 
half a millimetre 

Visual Acmty Visual Angle Visual acu ity is the powe r 
we po sses s of distmguiahing objects one from the o ther, and the 
d etails ofrisible obiects ' 

^Visual sensations are of three kmds, whereby we recognise 
the form, colour and brightness of an object, and the pon ers we 
possess of distinguishing these characters of an object are 
called the form sense, colour sense and light sense 
Comparing vision with touch, the degree of light sensibility 
corresponds with the degree of sensibility to pressure, while 
visual acuity corresponds with the power to distmguish two 
neighbouring tactile impressions, which, brought nearer 
together, are fused into one 

Now tactile acuity is measured with a Weber’s compass , 
M 
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and its value is m\ ersely proportional to the angular deviation 
of the arms of the compass 

Visual acuity is also measured by an angle 
Let there be two luminous points, say two stars, winch are 
just sufficiently separated to be distmguished draw from each 
of these points a bne that passes through the nodal pomt of the 
eye, and continue it to the retma We have now two equal 
angles, contamed by the mtersectmg Imes, and the angle facing 
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the retina may be compared to the angle of the compass and 
13 inversely proportional to the visual acuity (Fig 53) 

In tlie majority of individuals visual acuity measured by 
the above method gives a minimum visual angle of one mmute 
This IS merely an average and is the standard adopted 
although there are mdividuale whose mmimum angle of visual 
acuity IS half a mmute whilst on the other hand others have a 
mmimum visual angle of three or four minutes 

To measure the visual acuity of a particular individual it is 
nece'isaiy to find the mmimum angle imder which two pomts 
aro seen distinct anduemaj takeas its measure theseparation 
of the two pomts and this may be called the size of the object 
There are tv o means whereby we may vary the visual angle 
one consists m separatmg or approximatmg the two pomts 
that IS dimimshmg or mcreasmg the size of the object and the 
other consists m keeping the relative position of the two pomts 
fixed and then varymg the distance between it and the eye 
under examination 

In the first instance tlie visual angle vanes directly vitli 
the size of the object and m the second it varies mrersely as 
the distance of the object 

Let the visual angle be a M the size of the object and D its 

M 

distance a vanes as jg and since the visual acuity is mverscly 

D 

proportional to the visual angle then V vanes as 

Tlius we see that the \isua} acuity vanes directly as tJie 
distance inversely as the size of the object 

The Minimum Visual Angle compared with the Diameter of 
the Cones In order that two luminous 
pomts should be distinguished simiiltanc 
ously it IS necessary that two cones ehoukl 
be stimulated ivith an mtermediite cone un 
stimulated Histological research has shown 
that the diameter of a cone is 004 mm 
which 18 therefore the measure of the 
distance between two cones m these circum 
stances this distance on the retma subtends 
at the nodal pomt of the eye an angle of 
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one minute, which la the same as that subtended by tuo 
lummous pomts on the other side of the nodal pomt 

Vanations of Visual Acuity with the Illumination Within 
certain hunts visual acuity is increased by lUummation It 
lias been found that -visual acuity increases rapidly as the 
illummation is mcreased from zero up to 2 foot candles but 
above this the increase is very slight As a practical 
apphcation of this, the illummation of test types used m clinical 
u ork should not fall below 3 foot candles 

Tests of Visual Acuity SneUen*s Test Type In practice 
we make use of punted letters, eitherm the form of smgle letters 
or as sentences of prmted matter It was on the basis that 
the minimum visual angle was one mmute (1 ) 
that Snellen built up his charts iHBilH 

It was found that an object such as a letter 
to be seen by a normal person required to i ‘ 

subtend an angle five times greater than the ^ "! 

Imes or dots of which it was composed The ||||H||p t j 
chart has printed in black, upon a white 5 ^; ’ 

ground, letters of varying sizes, above which 
IS mdicated the distance at which they subtend an angle of 
fiv e minutes 

When testmg the visual acuity with Snellen s type wo wish 
to know the distance at which the letters are read distmctly 
Thus if D be the distance at which the letter should be read 
which is indicated above the letters, end d the distance at 
which it actually can be read and V is the -visual acuity. 

If the line above which the C appears is read at 6 metres 


distance the visual acuity is equal to-g or 1 but if at 6 metres 
distance only the letter marked 60 is read then it is equal 
tO“ or ^ In practice we do not reduce the fraction, but 

vTite it m full It may happen that the line subtendmg fiv e 
minutes at 6 metres distance is read at 6 metres, and so the 

\ isual acuity la ^ that is greater than normal 
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If at 6 metres distance, whicli is the nearest pomt at n Inch 
observations should be recorded, the largest letter cannot he 
distmguished, then the scale must he brought nearer to the eye, 
and the distance noted at which the largest letter is recognised, 
winch will give a fraction, it may be, of 1/60 If at no distance 
can the largest letter be read, then, with the light behind the 
patient, the distance is recorded at which the fingers of the 
outstretched hand can be counted If even this cannot be 
accomplished, the patient, with his back to the hght, is asked 
if he can appreciate the hght reflected by the outstretched hand 
moved in front of him, the record being made of the appreciation 
of hand movements, and, failing this, the patient faces the hght 
whilst the hand is moved between the eyes and a hglit and 
recorded as sjtadow perception The last test is made by 
sinning directly mto the eye the hght reflected by a mirror, 
when the record is made as to the perception or lack of 
perception of hght 

Absolute and Relative Visual Acuity The absolute visual 
acuity can only be determined when an error of refraction m 
the eye under exammation has been corrected, and the accom 
modation completely relaxed The vision of an eye mth an 
error of refraction uncorrected is the relahie visual acuity 
Consequently, when comparing the visual acuity of an eye 
during the progress of disease, it is necessary that the absolute 
visual acuity be recorded for these observations to be of value 

It is a matter of observation that the visual acuity obtained 
when both eyes are uncovered is greater than that obtamed b> 
each eye separately This may sometimes he the case when the 
second eye uncovered is one mth poor visual acuity 

Defects of the Eye as an Optical Instrument I Spherical 
Aberrahon — In the eye aa m all optical systems homocentnc 
rays, even when monochromatic, have a different focus, 
dependmg upon their being nearer to or farther from the optic 
axis Those rays faffing upon the central part of the lens are the 
least refracted , whereas those fallmg upon peripheral parts of 
the lens are more refracted in direct ratio to their distance 
from the optic axis Rays therefore, converge, not to a 
point, but to a hue (Fig 56) 

In ordmary lenses this phenomenon can be avoided hj so 
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grinding the lens that its curvature gradually decreases from 
centre to periphery 

Under normal conditions spherical aberration in the eye is 
reduced by the iris, the pupil of which acts as does the photo 
graphic camera ” stop ” in cutting off peripherally incident 
rays The difference m curvature and refractive index of the 
nuclear and cortical portions of the lens also helps to reduce 
spherical aberration 

The difference m refraction of the rays entermg the vertex of 
the cornea and at its margin is four dioptres 

Unless the pupil be artificially dilated, spherical aberration 
is of little importance, but irlien the pupil is dilated this 
aberration must be borne in mind when applying tests to the 
eye for measuring refraction, more especially retmoscopy 

Fio S8 

The spherical aberration of the eye may be demonstrated by 
bnngmg a pm just withm the near pomt of distmct vision, 
when it becomes blurred if we now interpose between the 
object and the eye, a card perforated by a small hole, the object 
becomes distinct, owing to the redaction of diffusion circles, 
by the correction of spherical aberration 

Formerly it was thought that the spherical aberration of the 
eye was partly corrected by tlie fact that the cornea was most 
convex at its centre, and more fiat at its periphery, but it has 
been shown that that iwrtion of the cornea which is opposite 
s papi! of natural diameter is not less con ed at its periphei^^ 
than at its centre, and that it is only n hen the pupil is artificiallj 
dilated that the flattened pCTipheral part of the cornea comes 
into play m reducing aberration 

2 Chrotnaitc Aberration As rajs from the various parts of 
the spectrum do not travel at the same velocity through a lens, 
they are, therefore, unequally refracted, the short violet rajs 
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being focussed nearer to the lens than the long, red rays, and 
between these two extremes the other intermediate colours of 
the spectrum are focussed m the order of their wave length 
The eye is hyperraetro 
pio 0 5 D for red raj’s 
and myopic 1 6 D for 
blue rays 

The defect m lenses is 
overcome by the use of 
a combmation of lenses, 
convex and concave, 
made of substances of different refractive mde\ The eje has 
no such compensation, and remams myopic for violet rays and 
hypermetropic for red rays 

Cobalt blue glass mamly allows red and blue rays to pass 
if n distant light say a frosted electric bulb, be viewed through 
such apiece of glass, thered rays \nll be partially focussed upon 
the retma, and the blue rays m front, so that we shall see a red 
light surrounded by a blue circle If, now, a source of hght 
near at hand be viewed the blue rays will be focussed upon the 
retma, and the red rays behmd it, so that we shall see a blue 
hght surrounded by a red circle 
This observation is the basis of a test for ametropia 
Angles o, y, K The optic axis is the line upon which the 
various refractmg surfaces of the eye are centred, and, 


T 
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consequently, passes through the centre of the cornea and leiw 
This Ime does not cut the fundus of the eye at the macula 
lutea, but somewhat to its inner side Upon this hne arc 
found the nodal point of the eye, which is 7 mm behind the 
vertex of the cornea, and the pnncip<d point of the eye, which 
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lies upon an imaginary plane 2 mm behmd the apex of the 
cornea There is also another pomt, the centre of rotation of the 
eje, upon the optic axis, which, in emraetropia, is 13 4 mm 
behmd the apex of the cornea It is around this point tliat all 
movements of the eye take place (Fig 58) 

The visual axis is a line drawn from the pomt of fixation 
through the nodal pomt, so as to cut the fundus m the macula 
lutea If the optic axis cuts the fundus m the macula lutea 
then the visual axis and optic axis comcide, but this is not 
usually the case 

0 


F 
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The visual axis is a secondary axis uhich cuts the cornea 
on the nasal side of the optic axis, 4* up and 6® to the mner side, 
so that when the visual axis is directed straight forwards, the 
resultant deviation of tlie optic axis is 6® down and out 

The fixation axis is a line joining the point of fixation and 
the centre of rotation of the e^e 

The angle a This is the angle formed at the nodal pomt, 
bet^ieen the visual and optic axes 

That IS, the angle ONF, m the diagram, m irhich ONB is tlie 
optic axis and FNM the visual axis, F being the pomt of 
fixation, and M the macula lutea (Fig 69) 

The distance between the macula and the pomt where the 
optic axis cuts the retma is 1 25 mm , which is the distance MB 
The bne jn Dnnders redvced js mm TJap Sive cf 
MB 

the angle a is approximately 

MB 1 25 
sm tt - jjjj - IB 00 " 

= sm 6® 

= 6 ®. 



The angle a therefore 
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If the distance 1MB be constant, it is seen that the size of the 
angle a must vary with the length of the line JIN, and as this 
line varies in axial errors of reihictzon 

(<i) In hypermetropia, in which the line MN is less than 
15 mm , the angle ot must be greater than 5°, and it js 
found in some casea to be as much as 10® 

(6) In myopia, m which the line MN is greatfer than 16 mm , 
the size of the angle a is less than 5®, and usualij 

IS 2® 

When the visual axis cuts the cornea upon the nasal side 
of tlie optic axis, we speak ol a posUtte angle «, and when, as in 
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some cases of myopia, the visual axis cuts the cornea on the 
temporal side of the axis we speak of a ne^ottte angle a 
It IS sometimes of importance to know the value of the 
angle a, smce if high it is one of the causes of apparent 
strabismus Wiien the angle is positive, the apparent 
strabismus is divergent, and when negative, it is convergent 
Angle y This is the angle between the optic axis and the 
fixation axis, the Ime joining the point of fixation and the 
centre of rotation of the eye 

T^e angle k It is not possible to measure climcally the size 
of the angle a, as we are unable to decide by mere inspection 
the exact centre of the cornea, and we, therefore, measure 
another angle, which is nearly the same size as the angle a and 
angle y 

The angle we measure is that formed bj the central pupdJ’ry 
hne and the visual axis This Ime is a normal to the cornea 
passmg through the centre of the pupil, and cuttmg the optic 
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axis at the centre of curvature of the cornea, that is, 8 mm 
behmd the apex of the cornea As the centre of the pupil is 
to the nasal side of the centre of the cornea, this Ime actually 
cuts the cornea slightly to the nasal side of the optic axis, but, 
for chmcal purposes, may he taken as comcident ^ ith the optic 
axis The angle k is, therefore, a little less than the angle a, 
and also than the angle y 

To Jfecwtjrc the Angle k This is convemently measured on 
the arc of the perimeter The visual axis is directed to the 
summit of the arc of the perimeter, where is placed a hghted 
candle, and if the visual axis and central pupillary Ime coincide, 

B 

M 


F 
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then the reflex of the candle will appear m the centre of the 
pupil, as we look at the eye over the zero mark on the arc 
If, hovever, these lines do not comcide, tlien will the pupillary 
Ime pass outside or mside the visual axis Leavmg the candle 
at the zero mark, we move our eye along the perimeter arc until 
the reflex of the candle flame appears in the centre of the pupil 
The readmg on the arc will give double the value of the angle k 
Let FN he the visual axis, and F the zero mark on the 
perimeter arc Let AN be the pupillary Ime, and let B be 
the pomt upon the arc from which the image of candle flame m 
the cornea appears to he m the centre of the pupil Smce the 
angle FDB represents the sum of the angles of incidence and 
reflexion, it is double the value of the angle k, which is the 
measure of the angle ADF, and is practically equal to the angle 
ANF There is an advantage m takmg a readmg which is 
double the \ alue of the angle required, as the angle k is nearly 
aluays very small 






CHAPTER HI 

THE EYE AS AN OPTICAL APPARATUS 


The eye, as an optical apparatus, may be well compared with 
a photographic camera, which consists essentially of a dark 
box, at one end of w’hich is a strong convex lens, and at the 
other, a screen placed so as to receive the image of an object 
formed by the lens, and this image is inverted 

Havmg arranged the position of the screen so that a sharp 
image is obtained, the screen is replaced by a sensitive plate, 
an exposure is made, and so a picture obtained 

The mechanism of the formation of the image m these 
circumstances is shown by the figure 
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The eye has two lens systems, the more powerful formed by 
the cornea and aqueous humour, the other by the crystallme 
lens the retma corresponds to the sensitive plate of the 
camera 

In the photographic camera, the lens has m front and behind 
it the same medium, namely, the air, so that the anterior and 
posterior focal distances are the same The eye on the other 
hand, has m front the air, whereas behmd the refractmgsurfaces 
are the aqueous and vitreous humours, which have a refractirc 
mdex greater than air, m fact, higher than that of water As 
a result, the anterior and posterior pnncipal focal distances ot 
the eye are not equal 

The length of the eye is roughly 23 mm , which means that 
the retina is about 23 mm behind tEie anterior surface of tho 
oomea It is found that with tbe refractive apparatus of the 
eye at rest, parallel rays entermg the eye come to a focus 
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upon the retma, and so the eye is normally focussed for mfinity 
when at rest, smce parallel rays are brought together at the 
prmcipal focus of a lens, or of a senes of lenses centred upon the 
same axis 

Rays leaTing the retina m a parallel direction are subjected 
to a more powerful refraction on passing out of the eye, due 
to the greater difference between the refractive indices of the 
system and the refractive index of the air, the medium m 
which the eye is placed the antenor prmcipal focus of the 
eye is therefore nearer to the cornea than is the postenor 
focus , it IS about _13 m m m front of the cornea 

As the optic axis cuts the retma almost exactly at the fovea 
centralis, the image will fall here, and m this way, any object 
on the optic axis will form an image at the fovea, the spot on the 
retma of most distmct vision It will be seen that for sharp 
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images of objects at infimty, or, at any rate, at a relatively great 
distance from the eye, the retma must be situated at the 
principal focus of the refractmg system of the eye 

Kow an object and its geometncal image are conjugate foci, 
and one may be replaced by the other, which means that if an 
object at infinity gives an image at the retma, then an object on 
the retma will give an image at infimty , consequently, the 
retina and infimty are conjuffale fact Such an eye is called 
emtneiroptc, and the conjugate focus of its retma is, in 
ophthalmology, called its far nomt or puTictum remotum 
(rig 63) 

The retma is not m all cases placed so that it coincides with 
theprmcipalfocusof the refracting system of the eye, in some 
cases it falls short of that pomt, and in others is further removed 
from the principal focus than m emmetropia Such variations 
are called ametropia 

If the retina falls short of the principal focus of an eye, sharp 
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images of distant objects can no longer be formed on the retma 
hy the refracting sj^fem at rest , the rays mil tend to come to a 
focus behind the retma, and there mil be formed upon the retina 
a circle of diffusion, the cone of light, whose size depends upon 
the size of the pupil being truncated Such a condition is 
known as hypermefrc^ia (Fig 64) 

Parallel rays startmg from the retina will still come to a 
focus at the anterior principal focus of the eye 
Imagine & luminous area on the retma of such an eye Rays 
will no longer lea\e the eye in a parallel direction, but m a 
divergent direction, and mil appear to have diverged from a 
pomt hehmd the eye 


: - < 
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Now the direction of rays of light m optics is reversible, and 
in ophthalmology this fact is freqnentiy used m explaining 
various problems that arise, for instance, in ophthalmoscopy 
retmoscopy, and so on 

Let us compare this condition with the formation of images 
by convev lenses already considered m the optical section of 
this book (cf pp 30 31) 

We may compare emmetropia to placing an object at the 
principal focus of a lens, and, hypermetropia, to placing the 
object nearer to the lens than its principal focus , we saw that 
m such circumstances, a virtual, erect and magnified image of 
the object was formed on the same side of the lens as the object, 
and n e had., m fact, made use of the lens as a eunple magnifying 
glass 

Consequently, in hypermetropia, the conjugate focus of tne 
retma is behmd the eye, and m order that a sharp unsge be 
formed on the retma of such an ey e, the object would liave to he 
placed in such circumstances that rays leaving it we given a 
direction as if they diveige from the conjugate focus of the 
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retina This point, the punctum remotum, is virtual, and 
behind the hypermetropic eye (Fig 65) 

■UTien the retma is situated further from the refractive 
apparatus of the eye than its principal focus, the eye is said to 
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be myopic The effect of this is that parallel rays come to a 
focus on a plane anterior to the retina, and then agam diverging 
produce circles of diffusion, and no sharp image on the retina 
(Fig 66) 

Agam considering the formation of an image by a convex lens, 
the myopic eye may be compared uith the effect produced by 
the lens on the rays proceeding from an object placed at a 
distance from the lens greater than its principal focus, but less 
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than infinity A real mverted imi^e is formed of such an 
object on the other side of the lens at a distance less than 
mfimty, and so the rays emitted from a lummous area on the 
retma of a myopic eye form an image of the lummous area m 
front of such an eye, between the eye and mfimty This pomt 
is the conjugate focus of such a retina, and is thus the punctum 
remotum of the myopic eye (Fig 67) 

Recapitulatmg, we say, that m emmetropia the punctum 
•remotum is at mfimty , in myopia, at a distance less than 
Mfimty , whereas in hypermetropia the punctum remotum is 
Virtual, and situated behind the eye 
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With the accommodation at rest, neither the hypermetropic 
nor myopic eye is able to see distant objects distmctly, but 
the myope can see an object distmctly by brmgmg it to his 
punctum remotum The hypermetrope, Tvith the refractive 
apparatus at rest, is unable to see distmctly at any distance, 



smce he is unable to brmg any object to his punctum remotum 
These errors of refraction may be corrected with lenses, 
which are chosen of such a power that they are able to refract 
parallel rays to such a direction that they appear to direige 
from or converge to the punctum remotum of the defective eye 
In the hypermetropic eye, if we were able to refract parallel 
rays so that they appeared to diverge from the virtual punctum 
remotum, then this point being the conjugate focus of the retina, 
the rays would come to a focus on the retms 
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This power is possessed by a convex lens, and it is necessaiy 
to choose a convex lens whose focal length is equal to the 
distance of the punctum remotum behind the cornea 
For example, taking a bypennetropic eye whose punctum 
remotum is 1,000 mm behind the cornea , this is the focal 
length of a -J- 1 D lens, consequently a -j- i D lens placed in 
contact with the cornea would cause parallel rays to converg® 
towards this point, and if such a lens could he worn m contact 
With the cornea it would enable such an eye to see distant 
objects clearly Owing to the fact that lenses are u om about 
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15 mm m front of the eye in spectacle frames, the lens chosen 
should have a focal length of 1^015 mm , and so would he a 
little less than 1 D in value 

Similarly in myopia, parallel rajs must be given a divergence 
such as they would have if proceedmg from the punctum 
remotum, the conjugate focus of the retina Such a power is 
possessed by a concave lens, so that a myope, whose punctum 
remotum is 1,000 mm m front of the cornea %vill require a 1 D 
concave lens, but owing to the fact that the lens cannot be 
worn m contact with the cornea, it must have a slightly shorter 
focus, namely, about 985 mni , and must, therefore, have more 
than 1 D value 
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We hare treated errors of refraction so far as if they were 
constantly due to variations m length of the globe Such 
errors are called axtol err ors, and it is true that the majority 
of examples are due to this cause Errors may, however, be 
caused by variations in the refractive indices of the refractmg 
media, so called tTidex errors, or by venations in the curvature 
of the refractmg surfaces, so called cumi ?ure error s These will 
be considered m a later section, but there is one common 
curvature error that must be considered here 
Those portions of the refracting surfaces of the eye that are 
Closed m the pupillary area have so far been considered as if 
they were spherical so that if planes pass m aU directions in 
the axis cuttmg the curved surfaces, then the figures caused 
by these sections will show similar curves 
It IS rarely that all these curves are found to b© exactly 
similar, but m vanous meridians the curvature vanes This 
condition is called asttgmatism, and is usually situated m the 
cornea We speak of regular and irregular astigmatism, but 
it IS only of regular astigmatism that wo shall speak here 
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Astigmatism is caUed regular when the different meridians 
which cut the refracting surface present m their alterations of 
curratcre a gradual change m passing from one meridian to 
another, the curvatures that are most different bemg at n<»ht 
angles to each other The top of an egg is spherical, but a 
portion of the shell removed from the side of the egg nould 
correspond to an astigmatic surface 
The result of this defect is that the ej e has two puncta remoti, 
the retma two conjugate foci Consequent!}, m no rehtive 
po'sition of eye and object is distmct vision obtamable, and the 
condition cannot be corrected by spherical gla'tses If we 
suppose one mendian to be emmetropic, and the other hyper 
metropic, then what is required is a lens of such form that 
it will correct the hypermetropic mendian without mterfenng 
with thd optical condition of the emmetropic mendian We 
therefore use for the purpose a cjlindncal glass, and place it 
m such a position that the curved surface of the cyhnderj 
coincides with the less curved surface of the cornea In other 
words we must use another regular astigmatic surface which 
will neutrahse the astigmatism of the eye 
Accommodation It is a matter of common espenenre that 
we are able to see distmctly distant objects, and also objects 
placed at different distances from the eye, rangmg from 
infini ty up to withiD a few centimetres of the eye 

This power is called the accommodation of the tgt for 
distances 

The nearest pomt at which distmct vision is possible M 
called the 'punciiim vroxt mum, the farthest pomt the punclutn 
rentolum and the distance separatmg these points is called the 
range of accommodation, which is found to vai} with age 
Smce distmct vision is possible at this vanety of distances 
it means that a sharp image of the object viewed is formed 
upon the retina in other words, that the retma is placed at the 
conjugate focus of these vaiymg pomts, so that sharp images 
are formed, and not circles of diffusion 

Takmg the photographic camera for comparison when the 
screen is placed at the principal focus of the Jens, images of 
distant objects are formed thwe which are quite sharp but as 
the object is brought nearer to the camera so its image la 
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formed farther and farther behind the screen, which is now no 
longer at the conjugate focus of the object, and experience 
sliows that to obtain a sharp image the screen must be moved 
farther and farther back as the object approaches the lens 
This IS well shown in the diagrams m earher pages dealing with 
the formation of images by a convex lens 

Obviouslj , if a sharp image of an object at varying distances 
IS to be formed on the retma, some change must take place m 
the eye 

There are several ways in which this might be brought 
about, and each has had, at different times, some measure of 
support 

1 The eye might be altered in length, as ne see m the 
photographic camera This was disproved by Young, by an 
experiment upon bis own eyes Young had a high degree of 
myopia and, as a consequence, prominent eyes , therefore, by 
turning Ins eye strongly inwards, he was able to bring the 
posterior surface of the globe comparatively near to the surface 
He took a pair of dividers, and fastened to each pomt a small 
bureau key, and then placed one over the apex of the cornea, 
and the other over the macula, by driving 3^ back into the orbit 
He knew jvhen the key rmg U'as over the macula, by the 
coincidence of the resultmg phosphene mth his visual axis 
Although by firmly applymg these rmgs elongation of the 
globe could be abolished, nevertheless he could still accom 
modate and there was no alteration of the phosphene, such 
as would be caused had the eye elongated and so greater 
pressure been exerted by the eye upon the confining rings 

2 The curvature of the cornea might be mcreaoed, and so 
Its refractive power Young agam disproved this by the 
observation that he could still accommodate while the eye 
was submerged m vater, which would abolish all refractive 
power in the cornea by its bemg bounded postenorly and 
anteriorly by media of equal refractive indices At the time 
Young made the experiment, his amplitude of accommodation 
was about ten dioptres 

3 The crystallme lens might advance , but an advance of the 
lens, even as far as the posterior surface of the cornea, could not 
effect the mcrease in the refractne power of the eye nece'ssary 
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for the clear vision of near objects Tsclietning calculated that 
the lens would have to advance 10 mm in order to give the full 
amplitude of accommodation to the eye 

4 Schemer had observed that the pupil contracted durmg 
accommodation, and suggested that the dimmution of the 
pupillary opening produced the clear image necessary m near 
Vision by cutting olF margmal rays , but there is no regular 
alteration in the size of the pupil during accommodation 

5 There remains the possibihty that the curvature of the 
lens alters durmg accommodation, mcreasmg as the eye is 
focussed for near objects 

Young showed that this uas the probable reason, by 
provmg that people who had had their lenses removed by 
operation for cataract were no longer able to accommodate, 
but he was unable to formulate a hypothesis to eicplam the 
mechanism 

The alteration that occurs m the cuivature of the surfaces 
of the crystalline lens, of the anterior surface more especially, 
can be demonstrated by observing alterations in size of the 
Purkinje figures formed by the reflectmg surfaces of the media 
of the eye The ongmal observations were made by Langenbeck 
and Cramer, on the anterior surface of the lens, and later and 
independently, by Helmholtz who also observed a shght 
alteration m curvature of the posterior surface of the 
lens 

As explamed m the section on ophthalmometry, the 
curvature of a reflectmg surface can be calculated from the 
size of the image of an object of knoAm size, the curvature of 
the reflectmg surface being greater tbe smaller the image 

With his phakoscope, Helmholtz was able to show that if the 
images of two lummous squares be reflected from the eye then 
not only are the two images from the front of the lens reduced 
m size on accommodation, but they are brought together 
and approach tbe corneal images In a very much less degree 
the images from the posterior surface of the lens are reduced 
m size and approximated 

Helmholtz was able to show that the radius of curvature 
of the anterior surface of the lens was reduced from 10 mm to 
G mm , of the posterior surface from 6 mm to 5 5 mm , at the 
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same time the thickness of the lens increased from 3 6 mni 
to 4 mm 

On watchmg an eye looking alternately at far and near 
objects, it wiU be seen that the plane of the ins is bulged forward 
/^^durmg accommodation, and that whereas at rest the aperture 
^ of the pupil is seen as a long Mack Ime, in near vision the 
margin of the ins is further forwards and the pupil narrowed 
Helmholtz states that there is displacement forwards of the 
anterior surface of the lens from 0 36 to 0 44 mm 
Hess has shown that m forcible accommodation, or after the 



Ttw umgea mth the acccm Fio 70 The images during sccommo 

modation at rest dation 


use of physostigmme to produce a spasm of the ciliary muscles, 
there is a displacement of the lens, due to a fall by its own 
wmght the direction dependmg upon the jwsition of the head 
This displacelnent'K5s be^n acc\jrately measured, and may vary 
from 0 25 to 0 30 mra m forced voluntary accommodation, 
to I mni under the action of physostignxme 

In eyes that had a deformity of the ins after the operation 
of mdectomy, Hess shoived that there was a bulgmg of the 
ciliary processes towards the equator of the lens, ^^lthout 
thickemng, shouung that the ciliary processes advanced tow ards 
the cornea 

Henaen and Volkers ran a fine needle mto the equator of a 
freshly excised human eye, and upon stunulatmg the cihary 
processes were able to show a forwani displacement of the 
choroid 
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Tlie appended figure after Beer shows the effect of 
accommodation xn the cat upon two needles passed into the 
ciLar} body 

Further evidence that accommodation is brought about by 
contraction of the ciliary muscle is provided by the anatomical 
appearances of the cihaiy muscle m hypermetropia and myopia 
In hypermetropia accommodation is used not only vhen 
vieiving near objects, but constantly for distant vision, so as to 
correct the error of refraction Here the muscle is found 
hypertrophied and larger than m emmetropia, and very much 
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near vision (After Beer ) Two seedies Jiaw been passed 
tiirougli tlie edge of the cornea into the ciliary bodies to show 
forward movement of the latter duniig accommodation 


larger than the cihary muscle of the myopic eye, m wluch 
accommodation is rarely required, and which is less developed 
than m emmetropia (Fig 72) 

The Mechamsm of Accommodation Accordmg to Helmholtz 
the lens is an elastic body, which, upon removal from the eye, 
takes on a more globular form, thus showing that m the eye it 
IS subject to some mechanism whereby it is constantly kept in a 
less globular form, and more flattened antero po'itenorly 
The lens is kept in place m the eye by a senes of fibres, the 
suspensory hgament, attached around its equator, and to the 
ciliary processes These filwes consist of three groups, called 
respectively pre equatorial, that pass from the ciUary proce«se3 
to the antenor surface of the lens , equatonal, passing to t e 
equator of the lens , and post equatonal, pas‘*ing to the 
posterior surface of the lens 
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On their outer Burfaces the ciliary processes contain the ciliary 
muscle, which is about 3 mm broad and consists of smooth 
muscle fibres The outer j>art, the muscle of Brucke, arises 
from the sclera just behind the canal of Schlemm, and passmg 
backwards is inserted mto the anterior part of the choroid It 



FiQ 72 Thd CUtaiy muscles in (A) Etnmetropia (B) Hyperraetropia 
(C) Myopia (Fuclia ) 


is described as consisting of two parts, an outer meridional 
portion parallel with the inner surface of the sclera, and further 
mwards, a more conspicuous portion formmg the mam mass of 
the muscle, the radial portion, whose bundles diverge radially 
towards the inner part of the cibaiy body The innermost 
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portion, the muscle of Muller, appears m meridional sections 
cut across the direction of its fibres 
When the cihaiy muscle contracts the anterior part of the 
choroid IS drawn forwards, and the apices of the cihaiy process 
are approximated, the radial and meridional fibres drawing 
forwards the choroid, and also approximatmg the ciliary 
processes, whereas the mam action of the circular fibres is to 
approximate the apices of the ciliary processes The result 
will be a relaxation of all the fibres of the suspensory hgament, 
allowing the antenor surface of the lens to become more 
convex in the direction m which there is httle resistance, 
whereas the posterior surface of the lens alters httle m shape 
owing to the support of the much more sohd vitreous 



The slackening of the fibres of the suspensory ligament shown 
by Hess m his observations upon the lateral displacement of 
the lens during accommodation, and the forward movements 
of the apices of the ciliary bodies are both at variance witli 
Tschemmg’s hypothesis This supposes that the superficial 
fibres of the cibary muscle draw the choroid fonvards so 
as to prevent backward displacement of the lens while the 
deeper fibres draw the zonule backwards and outwards so as 
to flatten the peripheral parts of the anterior surtace oftfte 
lens and allow the central and pupillary area to mcrease m 
curvature 

During accommodation the ciliary muscle tiuckens, the 
cihary processes advance and approach the equator of the lens 
mthont mcreasmg m size the anterior, and to a less degree, the 
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posterior surface of the lens increases m curvature, the angle 
of the anterior chamber is deepened and made more obtuse, and 
the pupillary portion of the anterior chamber is reduced in 
depth 

Thomas Young had observed tliat t!ie amplitude of the leiia 
m its central part was greater than that m its more peripheral 
portion He had also noted that when he observed the shadow 
on the retma of a fine wire mesh held close to the eye, that 
whereas the shadow might be quite regular when the eye was 
unaccommodated, nevertheless, it became distorted dunng 
accommodation He then showed that durmg accommodation 
the surface of the lens was not spherical, but became conoidal 
This discovery remained foigotten until attention was drawn 
to it by Tschemmg who repeated Young’s experiments and 
added others to prove the truth of Young’s statement It 
was this discovery that caused Tschermng to throw doubts 
upon tho Holmholtz hypothesis of accommodation Smce 
however, there is no doubt that the suspensory bgament is 
relaxed during accommodation, the explanation offered by 
Tsobeming of the deformity of the anterior surface of the lens 
could not be accepted 

The matter has been more recently mvestigated by Fmoham, 
who has been able to support the mam arguments of Helmholtz, 
but has added certam modifications which explam the deformity 
of the anterior surface of the lens It was sho’nTi by Bowman 
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that the capsule of the lens was elastic, so that when incised 
the wound gaped It has also been shown that the lens 
substance is not elastic, as was premised by Helmholtz but is 
phstic and easily moulded by external fotces Furthermore, 
tlie capsule of the Jens js not of uniform thickness, and the 
adjomed table shows how this thickness vanes This is shoini 
m diagramatic form in Fig 74 



Fro 74 ICbb Lt\3 Cafscle 
C onstracted from po«t mortem Appearances Tbe rekiire 
ttuckncss la magnified 100 tunes (Tmcbam ) 


When the suspensory ligament is released by an effort of 
accommodation the elastic capsule moulds the lens substance 
brmgmg an imequal pressure to bear so that the thicker portion 
of the capsule outside the pupillaiy area flattens this portion 
of the lens, leading to a buigmg m the pupillary area with an 
increase in its curvature 

Accommodation is synchronous and equal in both eyes, and 
extends throughout the whole muscle Hess and Neumann 
found that normal eyes can only compensate a difference m 
refraction between the two, of 0 12 D 

Taking the reduced eye, the following table gives the position 
of the image with different distances of the object (LuciazuJ 


Distance 
of ob;ecfc 

Position of 

iiOBge 

Distance 
of object 

Position of 
image 

CO 

5 m 

1 m 

20 00 mm 

20 06 mm 

20 30 mm 

0 50 m 

0 25 m 
0125 m 

20 62 mm 

21 27 mm 

23 57 mm 
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Accorduigl}, ■v\}3en the object is at a distance of 5 m from 
the reduced eye, the image is only moved back 0 60 mm The 
sensitive laj er of the retma is 0 OG mm m thickness, so that it 
follows that at a distance of 5 m the emmetropic eye need not 
use its accommodation for distmct vision 

This fact is made use of m determining the mimmiim 
distance at which test types for measurmg the acmty of vision 
with the eye at rest are used (f/ p 59) 

Schemer’s Experiment This consists m looking at a pm at 
different distances from the eye through two small holes m a 
card, so close together that their distance one from the other 
IS less than the diameter of the pupil 
This card is placed just m front of the pupil, as near to the 
eye as is convemently possible , a pin’s liead is then held m 
front of the card and moved to various distances from the eye 



"When held at a distance, one image of the pm’s head is seen 
When held very near to the card, two mdistmct images of the 
pm’s head are seen The nearest point at which a smgle 
distmct image of the pm’s liead is seen is the punctum proximum 
of the eye, when the accommodation is exerted to its utmost 
Tlie explanation of the expenraent is as foUon s 
Take a biconvex lens, a candle, a screen, and a small disc 
m which two small holes have been made, and let them be 
arranged as m the diagram (Fig 75) 

Let 0 be the candle flame, e,f, the holes m the card, placed 
before the biconvex lens, and r the screen, which corresponds to 
the retina If the screen be not at the focus of the lens two 
images will he seen, if at r% e'/ , if at r", e"/ ', and by occluding 
one of the holes and observmg which image is obhterated, we 
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are able to decide whether the screen is in front of or behind 
the focus of the lens 

Clinically the punctum proxunum is measured by testing 
and measuring the distance at which the smallest type on the 
reading chart can be read The measurement is made from the 
anterior focal plane of the eye, that is, 13 mm m front of the 
cornea 

Another method is by the use of concave lenses, such as are 
found m the bov of lenses used m testmg the refraction of the 
eye Takmg an emmetropic eye, or one rendered emmetropic 
by suitable lenses, which can, therefore, see objects at infimty 
vith the accommodation relaxed, we use as our test object the 
small letters of the distant test type We then place m front 
of the eye, successively, concave lenses of mcreasmg power, and 
so determme the lens of highest dioptnc value that the eye can 
overcome hy an effort of accommodation and still read clearly 
the small type The focal length of such a lens represents 
in centimetres the distance of the punctum proximum from the 
eye 

The Measurement of Accommodation The punctum remotum 
of an eye is the conjugate focus of the retina with the 
accommodation relaxed, the punctum proximum the conjugate 
focus of the retma vnth the accommodation exerted to its 
utmost The distance between these two pomts is the distance 
over which the eye is theoretically capable of focussmg objects, 
and 13 known as the range of accommodation Thus an 
emmetrope of twenty years whose punctum remotum is at 
infinity and whose punctum proximum is at 10 cm from the e, 
has a range of accommodation which is infinite A mjope of 
twenty years whose punctum remotum 13 at lOcm .that is, with 
an error of refraction of 10 dioptres and whose punctum 
proximum is at 5 cm , has a range of accommodation of 6 era 
A hypermetrope of twenty years whose punctum reinotum is 
20 cm behmd the eye, that is, with an error of refraction of 
5 dioptres, and whose punctum proximum is at 20 cm , has a 
range of accommodation which is mfimte , the region of 
accommodation, however differs from that of an emmetrope of 
the same age m that the punctum proximum is 10 cm further 
from the eye 
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Although interesting as showing the distance over which the 
eje IS theoretically capable of accommodating, this measure 
gives no indication of the power of accommodation of the eye 
The power of accommodation is expressed by the difference 
between the refracting power of the dioptric mechanism of the 
eye at rest, that is, when focussed for its punctum remotum, and 
that when its accommodation is exerted to its utmost, that is, 
when focussed for its punctum proximuip it represents the 
dynamic refractmg power of the eye, and is known as the 
amphlude, of acwrnmodalion 

Let c dioptres be the refractmg power of an eye focussed for 
infinity In order that such an eye may see clearly an object 

at a pomfc P at a distance of — metre, it inll be necessaiy to 

piVce hei&re li a km wftreft mS fertufer rays from the pomt F 
parallel, that is, a lens ofp dioptres , or, alternatively, the 
must make an effort of accommodation which mcreases its 
refractmg power by p dioptres Therefore, the refractmg 

power of the eye focussmg the pomt I* at - metre away, will be 
e + p dioptres 

Similarly, the refracting pow’er of the eye focussed for a 
pomt R, at a distance, - metre, wiU be e -f r dioptres 

If the pomts P and R be the near and far pomts of the eye 
respectively, then, accordmg to the definition, the difference 
between the refractmg power of the eye, when focussed for P, 
and that, when it is focussed for R, will give th^amphtude of 
accommodation (o) That is, 

a = (e + p) — (e -h y) 

= p~r 

In the case of the emmetrope of twenty years with the 
punctum prosimum at 10 cm or — metre from the eye, - = co 
and r = 0 


a = p — r 
= 10 - 0 = 10 3 ) 


Therefore 
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In the myope of twenty years with the near point at 5 cm 
or ^ metre, and the fax pomt at 10 cm or metre from 
the eye 

a = jt —r 
= 20 - 10 = 10 D 

In the hypermetrope of twenty years with the near pomt 




Acc=5D Acc «10D ^ 

\ Acc-0 

■ 1 ' _ 

“ p - ■ so'em ■’V 

/■■-SOcm R ' 

y A -V c 


rio 76 D,.snra.tawmgll»t altbc«ghlhoKw o!too™ 
dation vanes the Amplitude is tho same in an P'^ 

Myope and Hypennelrope of tho same age 

1 

at 20 cm or j metre, and tlie far pomt at - 20 cm , or 
5 

metre from the eye 

a =p —r 
= 5 _ 5) = 10 D 

It re owns that, although thej> 

very different ranges of accommodation, the ““J * j 

acSmmodation is the same in aU three at the age of taenty 

^%his may be shown graphicaUy hy the diagram above. 

Changes of Accommodation with Age The amphtude 
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accommodation dimmishea regularly with age, as is shoivn by a 
recession of the punctum proximum This gradual decrease 
IS due to a progressive alteration of consistency of the lens, 
which becomes harder as age increases, so that for a given effort 
of accommodation there la less response m the lens in the 



Fia 77 (Duaoe ) D represents the dioptric strength of the lens 
which placed at the aittenor pnnctpal Jocut of the eye 
corresponds to the change in refractive power of the cystalline 
lens m extreme accominodation Cm represents the focal 
length of tins lens 


direction of increase of curvature of its surfaces It is unlikely 
that this loss of accommodative power is due to loss of muscle 
power, smce it has its onset m childhood, at a time when 
muscular pow er elsewhere in the body is increasmg 
The thickness of the lens dunmishes with age, its curves 
dimmish, and so the static refraction of the eye alters in 
comparison v ith the condition in youth 
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Vision through a Lens. We have seen that m order to correct 
the various errors of refraction lenses of various kinds are 
used, and the type of lens can easily be determined The 
power of the lens chosen is one that will cause parallel rays to 
appear to diverge from or converge to the pimctum remotum 
of the eye, the pomt m space conjugate to the retma 

When a near object is viewed through a lens a virtual 
image of the object is seen, and the size of the image can he 
calculated It is important to know what effect the spectacle 
lens has upon the size of the retinal image, and we shall see 
that this depends upon the distance from the eye at which the 
lens la placed 

Formation of a Retinal Image by the Eye. Gi\en the tuo 
principal planes of the eye E,Ej, and the anterior and posterior 
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prmejpal foci construct the image formed in the 

eye of an object 0 upon the optic axis As usual we will take 
one ray parallel to the axis, which, after refraction, will pass 
through the posterior principal focus, and another ray, which, 
passmg through the antenor principal focus, will, after 
refraction, contmue its course m a direction parallel to tlio 
optic axis At the point where these rays intersect will he 
found the image of the object, Ij 

The size of the image is detennmed by the distance between 
the optic axis and the ray parallel to it, and so the size of the 
image at the anterior prmcipal plane is equal to that formed 
within the eye 
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If the magnification be M, then 



OFi 


The Effect of a Lens at the Fust Focal Plane of the Eye. Let 
a lens be placed bo that its optic centre comcides with the 
anterior prmcipal focus of the eye. Fig 78, let Fj/ be its focal 
length Then a ray drawn from /through the upper extremity 
of the object 0 wiU be parallel after refraction by the lens, and 
so will be refracted by the dioptric apparatus of the eye through 
the posterior pnncipal focus The ray passing through Fj will 
be unaffected by the lens, and so the image is formed at Ig It 
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is thus seen that a lens placed at the anterior principal focus of 
the eye does not affect the size of the image, but only moves it 
forwards m the instance m which a convex lens is used 
Diagram Fig 79 will show that m the case of a concave lens, 
the image of the object is moved further back along the optic 
axis 


If the image is formed behind the retma, then, so that the 
eye may see it clearly, accommodation is necessary Now 
accommodation by causing an alteration in the pow er of the 
refractive media dimmishes both the anterior and jiostenor 
focal distances, and so the magmfication as expressed in the 


equation is diminished 
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If the eye he emmetropic, that is, the retma be at r. then, 
for the object O to be seen without accommodation through 
the lens, it must be placed at /, the principal focus of the 
lens 

The Effect of a Lens placed beyond the First Focal Plane of 
the Eye Let a lena L be placed between the object 0 and 
the first focal plane of the eye Fi A virtual image of 0 wifi 
be formed at 0' according to the rules we have seen that 
apply to convex lenses 



In Fig 79 Ii is the image of 0 formed by the refractive 
apparatus of the eye alone and is the image of 0'» that is, the 
image of 0 after the convex lens L has been interposed I. m 
obviously larger than Ij 

Thus the size of the intraocular image increases if a convex 
lens 13 placed shghtly m advance of the anterior prmcipal focus 
of the eye 

In the case of a concave lens (Fig 81) placed beyond the 
anterior focal plane of the eye, the size of the intraocular image 
xs reduced 

We see then that 

1 A lens placed at the anterior focal plane of the e^e wiU 
not affect the size of the retmal image , if convex it will cau«e 
the image to move forwards, and if concave, backwards 

2 If the lens be convex and is moved away from the anterior 
focal plane, the image is increased in size and moved fonvards 
The image will decrease in size and be moved backwards i 
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the lens is mo\ ed from the anterior focal plane tovf'ards the eye 
3 If the lens be concave the image trill decrease in size as 
the lens is moved beyond the anterior focal plane of the eye, 
and increase as it is moved &om the antenor focal plane 
towards the eye 

The anterior focus of the eye is at a distance of 13 7 mm in 
front of the cornea, and, owing to the projection of the lashes, 
spectacle lenses are nearly always worn in advance of this point 



In hypermetropia, as we have seen, the correcting lens, if 
worn at the antenor focus of the ©ye merely moves the image 
forwards to the retma without altering its size An effort of 
accommodation will then produce an image the same size as m 
an emmetropic eye focussed for the same near object 
Howe^ er, if the hypermetropic eye sees a near object merely 
by the use of its accommodation, the retmal images will be 
smaller than in emmetropia owing to the fact that both its 
antenor and posterior focal distances have been reduced 
In mj opia the concave lens at the anterior focus of the eye 
merely throws the image further back without altering its size as 
compared with emmetropia An effort of accommodation in an 
eye corrected for distant vision will produce a retmal image 
the same size as that in an emmetzopio eye As the lenses are 
usually worn in advance of the antenor focus of the eye the 
retinal image is reduced in size, a matter of importance when 
the mjopia is of high degree, and, consequently, the lenses worn 
of high power 
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In presbyopia, when all poner of accommodation has been 
lost, a lens placed at the antenor focus of the eye will, if of 
smtable poi^er, allow reading at the focal distance of the lens 
If, with the book at a fixed distance, the lenses be moved 
forwards, then the image will fall behind the retina, and distinct 
vision Will not be obtained The image, however, will be 
increased m size, so that a presbyopic patient with lenses too 
weak for use at ordinary reading distance will place the glasses 



further down his nose, so as to make up m size of retinal image 
what he has lost in distmctness 
Vision through a Magnifying Class With an object 
placed nearer to a convex lens than its principal focns there is 
produced a virtual, erect and magnified image of the object 
on the same side of the lens further removed than its focal 
distance, iritici frad he the object for an efc piaced behind the 
lens (Fig 82) 

The apparent size of an object depends upon the angle that 
it subtends at the nodal point cd the eye, and the nearer the 
object be brought to the eye, the larger the angle it subtends, 
the larger is the xetmal image, and the larger it appears 

There is a limit to which this method of magnification can 
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be earned, as after a certain point the object becomes so 
indistinct that its details can no longer be clearly seen The 
object has been brought nearer to the eye than its own least 
distance of distinct vision 

In the diagram it will be seen that the angle subtended at 
N by the object and image is the same, so that if the lens be 
held \ eiy near to the eye, at its antenor focus, the object and 
image vrill subtend equal angles at the eje If it were possible 
to see the object in its actual position without the lens it would 
appear of the same size as when seen through the lens, but at 
this distance it uould not be seen clearly, as it is within the 
least distance of distinct vision The lens, therefore, is used 
to remove the object beyond the i^t distance of distinct 
>ision, and at the same time retam unaltered the angle it 
subtends at the eye, and thus the actual size of the image upon 
the retina 



CHAPTER IV 

ERRORS OF REFRACTION 


Myopia. Myopia is that state of refraction of the eye in 
•which, with the accommodation at rest, parallel rays come to a 
focus m front of the retina, that is, the retma is placed behind 
the prmcipal focus of the eye (Fig 83) 



Fio 83 Myopia 


The result is that parallel rays that have come to a focus 
have again become divergent, and so when they cut the retina 
they do not produce a pomt, but a circle of diffusion 

If we imagine the rays from a luminous pomt upon the retina 
of a myopic eye, thoir dive^nce will not be so grea a 
of rays that have ongmatcd at the prmcipal focus, 
result will be that the dioptnc apparatus of the e^, , 

able to render rays that have proceeded from e p 
focus parallel, wiU render less divergent rays convergnt, so tn 
they wiU meet between the eye and infinity (Fig )• 



FIQ 84 The Functum Bemotum m Myopia 
• Here then atPR.wiUbeformedthegeometncahmagooflhe 
pi on tke retma. whrch r, abo ^e -nJUga e fo™ 
of the retma of the myopic eye. and tim pomt n apolen 
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the punctum remotura, the point for which the myopic eye is 
focussed m the condition of static refraction 

If nou, reference be made to the diagrams showmg the 
formation of images by convex lenses^ it ^viU be seen that a 
myopic eje may be compared to the condition in which the 
object IS placed at some point further from the lens than its 
pnncipal focus (but less than twice its focal length), the image 
being formed at a point whose distance from the lens is less than 
infinity 

As rays of light m optica are reversible, it means that an object 
placed at a pomt conjugate to the retma, on one side of the 
eye, less than infimty, uiU give a sharp image upon the retma, 
of the myopic eye Although the myopic eye is unable to form 
sharp images of distant objects, rays of bght from which 
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are parallel, nevertheless if the object be placed at the 
punctum remotum then a sharp image will be formed on the 
retma 

We are thus able to consider the means whereby this error 
of refraction may be corrected smce if parallel rays could be 
given a direction as if they proceeded from the punctum 
remotum of the eye then these rays would come to a focus 
upon the retina and the eye would be fitted for distant vision 
This w ill be seen in Fig 85 m which a concave lens placed 
at the anterior principal focus of the eye has its pnncipal focus 
at the punctum remotura so that it causes paralkl rays to 
diverge as if they-^ame from this pomt 

Our definition of myopia has merely stated that the retina 
is behind the pnncipal focus of the eje, that is, that the eye is 
adapted for fimte distance only It haSjjiot Ivhat the 

causes of the condrtwn may be 
The mam causes are two 
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(o) There may be an actual lengthening of the eye as com- 
pared with the emmetropic eye, the power of the refractive 
apparatus remaining the same, so-called axial myopia. 

(6) The length of the eye may be the same as that met with 
in emmetropia, whereas the refractive apparatus is relatively 
too powerful, Tefraciive myopia. 

The result in either case is the same. 

Axial Myopia. The commonest cause of myopia, especially 



Fig. 86. Honzontal sections of •Emmetropic »nd 

from the same patient Buperposod. showing the identity 
pre.eqoBtorial regions (Heme ) 


of the highest degrees, is lengthening of the globe, an i 
been proved anatomically that this lengthening a ® , 

posterior part of the eye and its surroundings, that pa 
the equator, the eye in front of the equator being qui e no 
It follows from this that, in marked degrees of ’ • 

eye is unduly prominent, and lees mobile than t e 
eye, owing to its larger size. If the eye ^ drawn 

towards the nose, and at the same tune the as it 

outwards, the flattened curve of the sclera can s 
passes from the equator towards the posterior po e 
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Refractive Myopia, Curvalitn Myopia. This may be 
produced by an increase in the curvature of the cornea, either 
congenital, as met -with in astigmatism, or acquired, as is seen 
in conical cornea. An increase in the curvature of the surfaces 
of the lens would produce the same result. 

Index Myopia^ Myopia will result from : 

(a) An increase in the index of refraction of the cornea or 
aqueous. I 

{&) An increase in the total index of refraction of the lens 
caused either by an increase in the index of reaction of the 
nucleus, or a decrease in the index of refr actio n of the cortex. 
The myopia so often seen as an early symptom of senile cataract 
is due to an increase of the refractive index of tfen^nudeus, 
so-called false lenticonus, or more. correctly central hyper- 
refungence. j 

(c) A low index of refraction of the vitreous thereby increasing 
the refractive power of the lens. 

The Measure of Myopia. The commonest cause of myopia 
is an increase in the length of the eye, an increase^iA mm. 
causing 3 dioptres of myopia ; hence the greater the length of 
the eye the higher the degree of myopia. 

The distance between the punctum remotum and the cornea 
of the myopic eye can be measured, and it is the greatest 
. distance at which small type may be read when the 
accommodation is at rest. When making this measurement, 
uc choose as on e point th e a nterior princ ipal focus o f the 
eye, a point I3»7 mm. in fro nt oftKe*^cornea, because, as we 
shall see; itT’is near here that the lens correcting the myopia 
is usually worn. 

A concave lens has the property of causing parallel rays to 
appear to diverge from its principal focus, so that if a concave 
lens be placed at the anterior principal focus of the eye, so as 
fo cause paraifef rays to diverge from the punctura remotum of 
the ej'e, this point must coincide with the principal focus of 
the lens. If, therefore, we know the distance of the punctum 
remotum from the anterior principal focus of the eye we, can 
easily deduce the dioptric value of the lens which filll correct 
the myopia. We express the degregfif myopia ijj^i'iptres, 
80 that an eye ■nhose punctum reiratum is 60 cm. from its 
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antenor principal focus is said to liave 2 dioptres of opia 
and so on 

As Our measurements are made, not from the cornea, that is, 
the pnncipal pomt of the eye, but from the anterior principal 
focus the dioptric value of the lens correcting the myopia j$ 
slightly in excess of the actual myopia 
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Suppose thepunctumremotum to be2G 3cm from the cornea , 
then the lens, placed m contact mth the eje, ■which would 

correct the myopia rrould have a dioptric value ofgQ^ =3 8D, 
but as the lens is placed 13 mm m front of the cornea, its 
dioptric value is = 4 D This also shows that the further 

the correctuig lens is removed from the eye the greater must 
be Its dioptric value, and also explains that if a mjopic 
patient is wearing lenses that undercorrect his degree of 
myopia, he can by ino'ving the glasses nearer to his eye cause 
the principal focus of the lens to come nearer to his punctum 
remotum, thereby obtaming the same effect as from a stronger 
lens placed at the anterior principal focus of the eye 

It IS only m the highest degrees of myopia that the difference 
between the theoretical and practical amount of myopia i-j 
ofanyimportance as the above example sho-ws butatbeorclical 
degree of 20 D wiU require for its correction a jens of -7U 
placed at the anterior principal focus 

Development and Cour^e of Myopia The newly horn are 
almost exclusively hypermetropic, the hypermetropic ej e being 

apparently the immature eye , as age increases the eye 

less hypermetropic so that by the age of ten years e 
should have become emmetropic 
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The proportion of patients that are myopic increases 
gradually until the twentieth year, by which time about 20 
per cent of the population are myopic, a figure that remains 
constant for all ages, so that at the seventy fifth year the 
number of patients that suffer from myopia is still 20 per cent 
The onset of myopia is, therefore, coincident with the period 
of growth, and during that penod those who have become 
myopic at an earher age continue to become more myopic until 
the age of about twenty two years, when growth ceases This 
increase in myopia may be different in the tw o eyes 

Myopia 13 commoner in towns than in the countrj , especiallj 
in the higher schools, and also among those who constantly use 
their eyes for small objects, such as pnnt and especially among 
embroiderers, tailors, compositors, and so on, so that myopia 
has come to be considered as due to the etram necessitated by 
near work It is, however, doubtful if the use of the eyes for 
near work is the cause of myopia, although there is httle doubt 
that upon eyes already myopic, near work may have a deleterious 
effect 

It must be remembered that the larger proportion of myopic 
individuals in the higher schools coincides with the accumulation 
of the number of cases of myopia that have originated during 
the j ears that have elapsed between birth and about sixteen 
years of age, that is, during the penod of greatest growth, and 
further, that although all eyes up to about sixteen years of age 
ha\e been subject to the same strain, only a small proportion 
have become myopic The findmg of so many cases of myopia 
among those occupations requinng the use of the eyes for near 
objects, may be explained by the fact that myopes frequently 
choose such callmgs, their sight not being sufficiently good 
for occupations requiring acute distant vision 
The high degrees of myopia occur equally among all grades 
of the population, and are met with in the same proportion 
among those who use their eyes for near objects and those who 
are ilhterate or who never use their ey^ for near work at all 
From this it has been argued that the basis of mjopia is 
congemtal, a comparative weakness of the coats of the eye m 
relation to the intraocular pressure, which would also exphm 
the continued increase m degree during the penod of growth 

txruo 01 XTX I 
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and in, certain less common cases, throughout life Heredity 
also plays some part, and frequently myopia is found on more 
than one generation, and m several members of the same 
family 

There is a predisposition to myopia sho^vn more especially 
in its hereditary charactw, the child being horn hypermetropic, 
but developing myopia later on The influence of near work 
upon Its increase has received certain explanations uhich are 
not correct, among them bemg the effect of the act of 
accommodation Now, accommodation in the myopic eye is 
less used than m any eye condition, and very much less than 
in hypermetropia, in which the cihary muscle is hypertrophied, 
whereas in myopia it is smaller than in emmetropia Agam, 
accommodation does not affect the mtraocular pressure, and 
further, it only affects the choroid as far as the equator, and 
does not affect the sclera at all In myopia the chief change 
IS behmd the equator, and m the region of the posterior pole 
of the eye There is evidence that near w ork increases myopia , 
and further, conditions that cause objects to be held veiy near 
to the eye, such as comeal opacities, cataract (it is a common 
accompaniment of zonular cataract) which reduce the acuitv 
of vision, are also indirect causes 

Types of Myopia Non Progressiie Myopxa This type 
commonly begins about twelve years of age, and by the time 
the body has reached its fiiU growth, ceases to develop It 
rarely reaches a higher degree than about 4 dioptres 

Progresstie Myopxa This type reaches a much higher 
degree and, contmuing to increase throughout life, way 
ultimately reach a figure as high as 30 dioptres 
In the non progressive type the eyes are perfectly healthy, 
and may be looked upon as eyes that have developed beyond 
the usual amount , in the progressive type pathological 
changes are always found which at some period of life will 
cause disturfiances ofvision more or less serious" 

A word may be said concerning a false form of myopia, due to 
contraction of the cihary muscle It must be borne in mind t at 
the act of accommodation causes an eye to become relative/ 
myopic, so that an individual may be able to see distinc } 
through a progressively increasing senes of concave lenses y 
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an effort of accommodation, and thus give the impression that 
a degree of myopia exists of which the lens used is the measure , 
this power of producing an artificial myopia will show how 
fallacious may be the estimation by ordmary subjective methods 
when the accommodation is not paralj^ed 

The Accommodation in Myopia The myopic eye with the 
accommodation at rest la adjusted for a pomt between the eye 
and infinity, its punctum remotum For example, a myope of 
10 dioptres has ins punctum remotum at 10 cm from the eye 
If his punctum proximum is at 5 cm from the eye his range of 
accommodation is 5 cm 

From the formula deduced on p 83 his amphtude of accom 
modation is 

a — r 
= 20 - 10 = 10 D 
The Angle a In Myopia 

In myopia the visual axis usually cuts tlie cornea to the 
nasal side of the optic axis of the eye as is usual also m 
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emmetropia and hypermetropia, but m myopia the angle 
between the optic and visual axes is smaller smce the greater 
length of the eye decreases the angular distance betw een the 
macula lutea and the point on the retma cut by the optic axis 
MB 

The sme of the angle MNB is and, therefore, as the value 

of MN 13 increased, so is the value of the fraction decreased, 
and therefore, the value of the angle MNB, that is, the angle 
DNF 

The angle m myopia is 3®, and is usually positne, the optic 
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axis cutting the cornea to the temporal side of the visual axis, 
but occasionally the relative positions of the optic and visual 
axes are reversed, and the visual axis cuts the cornea to the 
temporal side of the optic axis, producmg thereby an appearance 
of convergent strabismus 

The Relation of Accommodation to Convergence The umt 
of convergence m clmical ophthalmology is the angle between 
the visual axis, when the eye is fixmg an infinitely distant object, 
and the visual axis when the eye is directed to an object held 
at 1 metre distance m the median plane of the eye This luut 
IS the me.trt angle In emmetropia there is a numerical 
coincidence with the measure of accommodation m dioptres, 
1 dioptre of accommodation being accompamed by 1 metre 
angle of convergence 

This relation does not exist m myopia, and convergence is 
always m excess of accommodation, as may easily be appreciated 
by considermg an example In the case of an individual with 
4 D of myopia, an object held 25 cm distant from the eye will 
be seen without accommodative effort, but the amount of 
convergence required to prevent diplopia will be 4 metre 
angles The importance of this we shall see later m discussing 
the relation of myopia to divergent strabismus (p 246) 

Visual Disturbances Produced by Myopia The vi«ion m 
myopia is always subnormal, and taking normal visual acuity 
as 6/4 5, the vision will be reduced to 6/6 by so low a degree of 
myopia as 0 25 D, and an error of more than 2 5 D may reduce 
the vision to less than 6/60 

The defect is noticed by mabilily to see distant objects 
distinctly, and, in the case of school children, difficulty in 
readmg writmg upon the blackboard On the other hand, 
there is no difficulty in seeing near objects, provided they arc 
held at or within the punotum remotum — a point m 
distmguishmg myopia from hypermetropia, m which vision 
IS affected for both distant and near objects 

In hypermetropia the defect may be masked, or overcome by 
an effort of accommodation but m myopia the eye has no power 
whatever to overcome the defect, an effort of accommodation 
rendermg the eye more myopic 

In the low degrees of myopia the only complamt will be 
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inability to see distant objects distinctly, but m the higher 
degrees there will be difficulty in maintaining near vision m 
comfort This is largely due to the want of balance between 
the effort of convergence and accommodation, and m extreme 
cases to the great amount of convergence required to prevent 
diplopia and the relative immobility of the large mjopic eye 
If the myopia is associated with divergent strabismus, or 
with different degrees of myopia m the two ejes, then 
accommodation and convergence may be dissociated and 
vision mamtamed with one eje only at near ranges, thereby 
obviatmg the muscular asthenopia associated with excessive 
convergence 

In the higher degrees of myopia it is frequently impossible 
to reach a full acuity of vision, even after the most careful 
correction of the error of refraction and m these eases will be 
found one or other of the various morbid changes that take 
place in the media or fundus A fi^uent complamt is of 
black specks floating before the eyes, muscce \ ohtantes, which 
are often associated with quite healthy eyes, but in myopia 
complaints are more commonly met, for not only are opacities 
m the vitreous more common and often much larger, but owing 
to the length of the globe the sbadon-s they cast upon the retma 
are larger than m emmetropia, what we see being the shadovs 
cast by the opacities floatmg m the vitreous 

Ophthalmoscopjcally, changes aro frequently seen in the 
me(^ and fundus, and these are usually more serious and 
extensive the higher the degree of myopia 

Treatment of Myopia Since the myopic eye is adapted to a 
finite distance, that is can only focus an object nearer than 
mfimty, only divergent rays can come to a focus upon the 
retma Concave lenses have the power of makmg parallel rays 
divergent, and diveigent rays more divergent, and so when 
s jayeptc ey& Sar sny Ajstsae-ff m 

space 

In this way we are able to make an eye as physiologically 
perfect as w e can from the optical pomt of view, and thus hope 
to dimmish the mcrease m myopia which almost always takes 
place at least dunng the years of growth, and m some cases 
throughout life 
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We know that the ciliary muscle is able, by its contraction, 
to hide a condition of hjrpermetropia m part or whole, and also 
to exaggerate the amount of myopia present In this way 
the amount of myopia which is apparent may represent, not 
only the static myopia, hut also an undetermmed amount of 
artificial myopia produced by the dynamic refraction of the 
eye In choosmg correctmg lenses for myopia, the real myopia 
must be taken as the standard, and on no account must a lens 
be prescnbed of higher dioptric value than that which corrects 
the static myopia, hence the rule, that the accommodation 
must be thoroughly paralysed before the correcting lens is 
sought This rule appbes more especially to children, whose 
accommodation is particularly active and powerful, and m 
^ihom the use of atropme sulphate as drops 1 per cent m 
strength, or better still, a solution of the alkaloid of atropia m 
yellow vaseline of the same strength, three tunes daily for at 
least three days, is advised 

When the weakest lens that gives the highest visual acuity 
has been determined, the patient should be encouraged to use 
the glasses contmuously, as the use of smtable correctmg 
lenses is the best means we have of controllmg the mcrease 
of the myopia 

Alany surgeons order the full correction for constant use m 
cases m which there is no presbyopia, and very much may be 
said m its favour, apart from the fact that it is the logical 
way m which glasses should be ordered , certainly the majonty 
of myopic patients are perfectly comfortable, even when their 
myopia is of high degree It is the practice of others to order 
two pairs of glasses when the myopia exceeds a figure in the 
neighbourhood of 6, one pair with the full correction for distant 
use, and another of 2 or 3 dioptres less m value for near use 
It IS, of course, necessary to make an allowance for presbyopia 
when ordermg glasses for readmg in myopic patients, as we 
do m patients who are emmetropic or hypermetropic 

Smce accommodation has no effect upon the mcrease o 
myopia, as was previously supposed, there is no reason on t w 
score for reducing the power of concave glasses for near use, an 
beanng m mind the want of balance between comergence an 
accommodation, rehevmg the patient of the necessity o 
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accommodation by rendering him artificiaDy presbyopic ttiU 
make him more uncomfortable by ivithdrawmg the stimulus to 
convergence brought about by the act of accommodation 

In those rare cases in which a patient vnth a high degree 
of myopia has reached adult life wthout usmg glasses, 
considerable difficulty u ill be expenenced with the full 
correction, more especially for near vision In these patients 
an under correction is often advisable, not only for near use, 
but also for distant \iaion Glasses are usually worn further 
from the eye than its anterior principal focus, and the result 
IS to diminish m size the image of objects, so that some patients 
will see better with lenses that undercorrect their myopia 
{p 89) In myopia it 13, therefore, necessary that lenses should 
be worn as near to the eyes as possible, and for this purpose it 
may be necessary to trim tlie eyelashes 

In the highest degrees of myopia sufficient convergence to 
mamtam smgle vision is impossible, not only by reason of the 
nearness of Che puncCum remoCum, but also of the great size of 
the eyes and the disproportion m size between them and the 
orbit These patients read with one eye only usually the eye 
with better vision, the other eje deviating outwards 

Although the use of the eyes for near work is probably 
not the cause of myopia, there is no doubt that such a use 
13 the cause of an increase in the amount of myopia once it is 
estabUshed, therefore, especially m the young mdmduals 
whose grow th is not complete, near work must be 
restricted 

The determmmg factor in the increase of myopia is con 
vergence, and bearmg this m mmd the arguments against 
reducmg the power of readmg lenses are much strengthened, 
as patients with glasses which undercorrect their myopia tend 
to brmg their work nearer to their eye, and so increase thew 
convergence 

Myopic patients must, therefore, always keep near work at a 
good distance, say 15 inches they must sit upright, with the 
illummation, which must be adequate, behmd the left shoulder 
The importance of illumination is to prevent work bemg held 
too near to the eyes, and thus readmg by firehght or m bed 
must be forbidden There should be periods of rest durmg 
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work, and m this way the amount of reading that is safe is 
greater than if the reading is contmuous 
All myopic children should be examined at least eveij 
twelve months, and, if necessary, refracted under a cycloplegic 
In some places a special school curriculum is arranged for 
children who suffer from high degrees of myopia, especially 
when rapidly progressive, in wluch instruction is earned out 
mainly by word of mouth, and such near u ork as is necessary 
IS performed by writing on a blackboard avith chalk, using 
large figures 

Hypermetropia Hypermetropia, hyperopia, or " far sight,” 
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IS that form of ametropia m which, with the accommodation at 
rest, incident parallel rays come to a focus behmd the retina , 
otherwise considered we may say that m hypermetropia the 
retma cuts the optic axis of the eye between the dioptric 
apparatus and its principal focus, so that parallel rays cause a 
circle of diffusion upon it We know that the pimctum remotum 
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or conjugate focus of the emmetropic eye is at mfinitj’’, and tl'iat 
of the myopic eye at less than infimty, and we have seen in 
considermg emmetropia and myopia that for a clear image to c 
formed upon the retma rays must proceed from the punctual 
remotum (Fig 89) 
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In hypermetropia only convei^ent rays will come to a focus 
upon the retina, and consequently the punctum remotum is 
beyond infinitj , that is, it la a pomt behmd the eye towards 
which the rajs converge This is a virtual focus, and may be 
found by continuing the rays backwards until they meet behmd 
the eye as seen in the diagram (Fig 90) 

Non convergent rays, those coming from a point further than 
infinity , do not exist m nature, and so the hypermetropic eye 
IS unable to form a sharp image of any object held at any 
distance, that is the hypermetropic patient is unable to see 
either distant or near objects clearly 

A convex lens has the property, of rendering parallel, or less 
convergent rays more convergent, and so with a suitable 
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convex lens rays may be made to proceed towards the punctum 
remotum of the hypermetropic eye, and so cause the hyper 
metropic patient to see clearly 

As a result of the reversibility of rays m optics, rays ofhght 
proceeding from k pmnt upon tiie retina q^A^ypermetropic 
eye will leave thak^^e jn a d^^nt dirg^ijin os if they 
proceeded from the |iUh‘ctukfreiaou5ra of the eye, the conjugate 
focus of the retina 

There are several ways m which hypermetropia may be 
caused ' 

(а) There may be an actual shortness of the eye axial 
hypermetropia 

(б) The length of the eye may be normal, but the refractive 
power of the dioptric mechanism of the eye may be m some 
manner defective refracHte hypermetropia 

Axial Hypermetropia A dimmution in the length of the eye 
18 the commonest cause of hypermetropia, and in its higher 
degrees is the constant cause 
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Considering axial hypermetropia, the commoner form, as 
due to a lack of development of the eye, m that the eje is 
smaller, and its antero posterior measurement is smaller than 
that of the emmetropic eye, we maj expect to find some 
difference m appearance between the h3^ermetropic and 
emmetropic eye In the low degrees of hypermetropia httle 
difference can be found, but m the medium degrees very often 
an mspection of the globe will enable the condition to be 
diagnosed The smallness and extensive mobility of the eye 
IS noticeable, and if the eye be strongly rotated to the nose, 
and the lids drawn outwards, the strong curvature of the 
equatorial region is appreciated This is m marked contrast 
to the myopic eye, in which we have seen there is considerable 
flattemng of the equatorial region This observation t\i 11 
impress upon the observer tJie fact that the hypermetropia is 
due to an alteration in the length of the globe, and not m 
the refractmg surfaces Furthermore, ophthalmometnc 
exaramations have shown that there is no general finttemng 
m the curvature of the cornea, which is, m some cases, even 
more curved than that of the emmetropic eye 

In the highest degrees the signs of arrested development are 
marked, and such conditions as microphthalmos and coloboma 
of the iris are sometimes seen 
Refractive Hypermetropia Curtature Hypermetropia Thi'» 
may be produced by a flattemng of the curvature of the cornea 
either congemtal or acquired, as the result of disease 

It may also be caused by a deficiency m the acuteness of 
curvature of one or both surfaces of the lens 

In both the above conditions the radius of curvature of the 
surfaces is longer than normal 

Index Hypermetropia (a) The mdex of refraction of the 
cornea or aqueous is too low 

(6) The total mdex of refraction of the lens is too low, whicli 
may be caused by a low mdex of fcbe nucleus of the lens, or & 
high mdex of the cortex, Tvhich, acting as concave menisci, 
would necessarily lower the refractive power of the lens as a 
whole 

(c) The mdex of refraction of the vitreous may be too high, 
thereby reduemg the refractive power of the lens 
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Absence of the Lens {Apkalta) The crystalline lens has a 
refractive power equal to that of a -f 10 OOD lens placed in 
front of the eje, and so if the lens is absent from the pupillary 
area either by dislocation or operative measures, the eye 'will 
become strongly hypermetropic 
The Measure of Hypermetropia A diminution m the length of 
the eye of 1 mm u lU cause a hyqiermetropia of 3 dioptres and 
so it happens that the shorter the eye, the higher the degree of 
hypermetropia The nearer the retma to the dioptric apparatus 
of the eye, the more divergent will be the rays leavmg the 
eye from a pomt on the retma, and consequently, the more 
convergent must be the rajs to come to a focus upon it, and 
the nearer must be the punctum remotum to the eye 


+ 4D 
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In myopia i\e uere able to measure directly the distance of 
the punctum remotum from the eye, and we Ba\\ that this 
distance measured approximately the focal length of the lens 
which corrected the myopia The value of the lens Mas 
expressed m dioptres, and we spoke of the amount of myopia 
m terms of the dioptric value of the lens which would correct it 
by causmg parallel rays to diverge from the punctum remotum 
of the eye 

Nov , m hypermetropia, owing to the fact that the pimctum 
remotum is behmd the eye, it is not possible to measure the 
distance from the eye directly , ^ve may, hov e^ er, measure 
the distance of the punctum remotum indirectly by findmg tlie 
focal length of the lens w Inch gi\ es the highest acuity of vision 
V ith the accommodation at rest 
Let r = the error of refraction 
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R = distance of the punctum remotum measxired m 
centimetres 

Then in the case shown in the diagram 



As the punctum remotura is at the principal focus of the 
lens correctmg the ametropia as shown m Fig 92, it u ill be 
behind the eye at 25 cm from the situation of the correcting 
lens placed at the anterior prmcipal focus of the eye 
Theoretically the distance of the punctum remotum from the 
eye should be measured from the cornea , as, however, the 
correctmg lens is at least 13 mm m front of the cornea, its 
focal length overestimates the distance of the punctum 
remotum behmd the eye by this amount and it therefore 
underestimates the actual amount of hypermetropia 
Clinically we make our measurements from the anterior 
prmcipal focus of the eye, and when we speak of the punctum 
remotum being so many centimetres from the eye, we mean 
thatthemeasurement has been taken from the anterior prmcipal 
focus If we did not place the correcting lens at, and take our 
measurements from, this point, we would obtain discordant 
results, as may be seen by this example 

Take a hypermetropic eye whose punctum remotum is 
111 mm behmd the cornea A -|- 9 00 D lens m contact 'nth 
the cornea would correct the ametropia smce the focal length 
of such a lens is 11 1 mm If, however, we take our measurement 
from the anterior principal focus of the eye, the distance of the 
punctum remotum will be 123 mm , that is, the focal length 
of a + 8 00 D, and so on, for any point chosen in front of the 
eye It will be noticed that the farther the correcting lens is 
removed from the eye, the Jess is its dioptnc value This is 
obviously due to the fact that its principal focus must alivajs 
comcide with the punctum remotum of the eye 

Varieties of Hypermetropia It has been shown aboie tba 
hypermetropia may be measured, and also corrected j 
increasmg the dioptric power of the eye, by the addition o a 
suitable convex glass , by this means a sharp image ^ 
formed upon the retma We maj, m fact, consider tha a 
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hypermetropic eye is one whose dioptric apparatus is deficient 
in refractive power in relation to the situation of the retina, 
and that its dioptric value requires strengthenmg 

We are able to increase the dioptric value of the eye by using 
our accommodation, as we have already seen The hyper 
raetrope makes use of this power, and, indeed, if he did not 
do BO he would be m the unfortunate position of never seemg 
distmctly any object, at whatever distance 

The in} ope has the compensation of being able to see objects 
at his punctum remotum distmctly, although he is unable to 
see far distant objects m detail The emmetrope makes use 
of his accommodation when viewmg objects at a distance nearer 
than infinity, more especially objects within a few feet of hia 
face The hypermetrope uses his accommodation when 
viewmg distant objects, and the amount of hypermetropia 
that he is able to correct thereby depends upon his power of 
accommodation, whilst his ab^ty to see distant objects 
distmctly depends not only upon his power of accommodation, 
but also upon the amoimt of hypermetropia 
This relationship has given nse to several varieties of hyper 
metropia, which from the clinical point of view are most 
important 

Manifest Hypermetropia (Hm) It is very usual for the 
whole of the hypermetropia to be concealed by an effort of 
accommodation, especially when the error is of lox\ degree, and 
the accommodation powerful, as m children In many cases, 
especially m young persons, m spite of this power to mask 
hypermetropia, the addition of a convex lens to the eye up to 
a certam power is accepted, and the same visual acuity, which 
was at its maximum without a glass, is still retamed 

If a convex lens be placed before an emmetropic eye, 
maximum visual acuity will no longer be mamtamed, 
and wo have shown that in the case of hypermetropia the 
accommodation may be relaxed, and the convex lens takes 
the place of the refractive power previously added to the 
crystalline lens by the contraction of the cOiary muscle 
The strongest convex glass with which an eye retains its 
maximum visual acuity is the measure of the mantfesl 
hypermetropia (Hm) 
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Total Hypermetropia (Ht) If the hypermetrope be young 
it IS unlikely that the use of convex glasses will cause lum to 
relax his accommodation entirely, so that the manifest hyper- 
metropia is not a measure of the total hypermetropia This is 
measured by the strongest convex lens -mth -nhich an e>e 
retams maximum visual acuity after the accommodation has 
been paralysed by some drug such as atropme 
Latent Hypermetropia (HI) This is the difference between 
the total and manifest hypermetropia 

HI = Ht — Hm 

As age advances and the power of accommodation is gradually 
lost, BO does the manifest h3rpermetropia mcrease, and the latent 
dimmish, until the whole of the hypermetropia has become 
manifest In the higher degrees of hypermetropia more tends 
to become manifest and less latent, whereas in the lower 
degrees more tends to be latent 
Facultative Hypermetropia (Hf) When speaking of mamfest 
hypermetropia, we spoke of the strongest convex lens with 
w hich maximum visual acuity could be obtsmed, as its measure 
It IS not necessary that the individual who has a certain 
measure of mamfest hypermetropia should have maximum 
visual acmty without the convex lens, on the other hand he 
may In both cases there is a certain measureof Jiypermetropia 
that has been masked by the accommodation and this is termed 
the facuUahie hypermetropia 

In one case all the manifest hypermetropia is facultatne, 
whereas m the case that has not maximum xisual acuity 
wuthout a convex lens only a portion of the mamfest hyper 
metropia is facultative 

Absolute Hypermetropia (Ha) This is the hj-permetropia 
that cannot be overcome by an effort of accommodation and 
Ha = Hn — Hf In high degrees of hypermetropia some is 
usually absolute, and as age advances and the power of 
accommodation becomes gradually less, so does more and 
more hypermetropia become absolute, so that even m low 
degrees facultative hypermetropia of youth becomes ah^olu e 
hypermetropia of later years In old age all hypermetropia 
becomes absolute 



HYPERMETEOPIA 


111 


The following example will show how the \ aneties of hyper 
metropia stand one to the other 
An eye reads 6/18, and with a -}* 1 50D, reads 6/6, but can 
still read 6/6 quite plainly with a -|- 3 50 D 
If atropine be now applied it is found that 6/6 la still read 
with + 4 50 D 
Tabulatmg the results 

V = 6/18t+160D = 6/6 
c + 3 50 D = 6/6 

After atropme 

C + 4 50 D = 6/6 


The total hypermetropia s= 4 5 D 

Mamfest hjqiermetropia = 3 5 D 

Facultative hypermetropia = 2 0 D 

Latent hypermetropia = 1 0 D 

Absolute hypermetropia = 1 5 D 


The usual refraction of the eye at birth is one of hyper 
metropia so that we may consider anal hypermetropia as 
arising from a lack of grouth of the eye but there is a type 
of hypermetropia that arises m later life that we may call 
aequxred hypermetropia, in contradistinction to the congqjutal 
form 

At the age of fifty five years a previously emmetropic eye 
will have developed 0 25 D of hypermetropia, which gradually 
increases in amount until at eighty years of age 2 50 D of 
hypermetropia w ill be found 

We have seen that the lens may be considered as a highly 
convex nuclear portion of high refractive mdex, combmed with 
two minus menisci As age advances, and the lens becomes 
more and more sclerosed, so does the mdex of refraction of the 
menisci mcrease Their dioptric value, therefore, mcreases, 
and they cause a diminution in the power of the leas as a 
whole, so that parallel rays that were brought to a focus upon 
the retma in earher years come to a focus farther back as age 
ad\ ances 

The Accommodation in Hypermetropia The hypermetropic 
eye with the accommodation at rest la adjusted for a virtual 
punctum remotum For example, a hypermetrope of 4 dioptres 
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has his punctum remotum 25 cm behind the eye. t e , at 

- 25 cm , or -—metre from hia eye At the age of twenty 

his punctum proxinium will be found 16 cm or— metre from 

6 

tke eye H\s range ef a.eeoTQmodat\oTi, tberefoie, is mfiiute, 
and his amplitude of accommodation, usmg the formula, is 
a — r 
= 6 - (- 4) = 10 D 

The diagram, Fig 93 a, shows that the eye must exert 
4 dioptres of accommodation m accommodatmg from the 

-f-4D 
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Fio 01 a Diagram of the Amplitude o( Accommodation in an ad ilt 
of twenty years with 4 D of HypcrmetTopia 


4P 6P 

“ ‘ ' 'l6cm' 

Fic 93b Diagram of the Amplitude of Accommodation of the same 
HypenOetropo wearing a correcting lens 

punctum remotum to infinity, and a further 6 dioptres in 
accommodatmg to the punctum proximura at 16 cm If, 
now the hypermetropia be corrected with a smtable lens of 
+ 4 D then the eye has available all its accommodation for 
focussmg from infimty to a near pomt at 10 cm from the 
eye (Fig 9 Sb) 

The Angle a in Hypermetropia The visual axis cuts the 
cornea to the inside of its optic axis in hypermetropia Tins is 
usual in emmetropia, but in hypermetropia the angle between 
the visual and optic axis is lai^er, since the shortness of the 
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eyeball increases the angular distance between the macula lutea 
and the point on the retina cut by the optic axis 

The sme of the angle MNB is consequently, if MN is 

decreased m length bo does the value of the fraction increase, 
and, consequently, the value of the angle MNB, that is, the 
angle DNP 

In emmetropia the angle a is 6“, and m hypermetropia it may 
be so high as 8®, and, owing to the fact that the visual axis 
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cuts the cornea to the nasal side of the optic axis, ne say that 
the angle a is positiv e This gives the appearance of a divergent 
strabismus m cases where the angle is large 
The Relation of Accommodation to Convergence We have 
seen in discussing the relation of accommodation to convergence 
m mjopia, that in mjopia convergence is alnajs m excess of 
accommodation In bypprmRtm pia therR is pp exact convers e. 
and accommodati on is always in excess of converge nce In 
Qie case of an individual w ith 4 U of hyp ermetropia. an object 
held at 25 cm distant from the eye wi]rbe~seen with 8 ^ of 
accommod ation wherea8~the amount of convergence req uired 
i8 ~i~meTre angles The eye, therefore, tends to be focussed f or 
o ne distance and conven^ed f or another This is a fruitful 
source of discomfort, and also, as we shall see later, may result 
in a permanent disturbance in the muscular balance of the 
eyes, producmg convergent strabismus 
Visual Disfiurbances Produced by Hypermetropia All the 
symptoms of hypermetropia may be traced to the effort of 
accommodation imposed upon the eye by the defect m its 
focussmg power 
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The hypermetrope not only uses more accommodation when 
lookmg at near objects than the emmetrope, but he finds it 
necessary to use his accommodation contmuously so ns to 
obtam a sharp image of a distant object, whereas the emmetropic 
eye is focussed for distant objects when its accommodation is 
completely relaxed 

It will be appreciated from what has been said above, that 
the capacity of the hypermetropic eye to mamtam acute vision 
for both distant and near objects depends upon the relation 
of the hypermetropia to the amplitude of accommodation, and, 
consequently, m a particular case, the distant and near vision 
may be quite good, whereas m another the distant vision may 
be good and the near vision defective, and m a thnd, both 
distant and near vision imperfect If the degree of hyper 
metropia is very high mdeed, the mdividual may give up all. 
attempt at distmct vision for near objects by an effort of/ 
accommodation and liold the object very near to lus eye, so | 
as to make up for mdistmctness of vision by an enlargement' 
of the retmal image In the lower degrees, distant vision 
being good, the difficulty m near vision is overcome by the 
mdividual holdmg his book further from his eye than is usual 
and so calling upon a less effort of accommodation In this 
way the hypermetrope of low degree contmues with near work, 
but sooner or later even he is inconvemenced by a senes 
of symptoms collected together under the name of 
accommoda/tte asilienopia 

When usmg the eyes for near work the vision becomes dun, 
but it is found that by closmg the eyes for a few moments the 
vision has improved upon opening the eyes agam owing to the 
short rest given to the cdiary muscle There is a sensation of 
heavmess and pressure upon the eyes, often pam in the eyes 
themselves, and pam m the frontal region more or Ic’s severe 
With children who are not so observant of defect of vision 
the oatstsadiRg eMuptsait is Jjf'adsrhiv they 
are asked the situation of the pam, they place the hand across 
the frontal region above each supraorbital ridge, and upon 
enquiry, the relation of the headache to near work is often 
admitted True migrame attains may occur, which are rehe\ cd 
considerably when the coirectuig lenses are worn Althoug 
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there is frequently a direct connection betireen the degree 
of hypermetropia and the seventy of the symptoms, a high 
degree of hjqiermetropia causing marked asthenopia and vice 
tersd, nevertheless, considerable distress may occur even Tvhen 
the hypermetropia is small in degree, and the amplitude of 
accommodation good Such accommodative asthenopia occurs 
after an illness, even in young people and is not infrequently 
seen m mothers durmg the period of lactation 
Again, asthenopia mth alon degree of hjqiennetropia is often 
seen m those young people whose work makes considerable 
call upon the accommodation 

The relation of hypermetropia to con\ergent concomitant 
strabismus will be discussed m another chapter 
Anatomicallj the hypermetropic eye is shorter than the 
emmetropic eye, but these changes extend also to the parts 
of the eye m front of the equator The acuteness of the curve 
of the sclera has already been mentioned, end in such eyes the 
cornea is smaller than normal, and the antenor chamber 
shallower, conditions which have an important bearing upon 
the mcidence of glaucoma 

Ophthalmoscopioally certain peculiarities are more common 
m hypermetropia tortuosity of the retmal vessels, due 
possibly to the comparatively confined space of the retma m 
the small eye, pseudo optic neuritis and infenor crescent 
(often associated with % lowered visual acuity), and a high 
reflex from the retma, the so called “ watered silk ” appearance 
Treatment of Hypermetropia This consists m prescribing 
suitable spectacles with convex lenses thereby mcreasmg 
the total refractive power of the eye A httle judgment is 
required m the prescribing of glasses m hypermetropia, since if 
msufficiently strong glasses are ordered, then the symptoms 
are not relieved although the distant and near vision may be 
quite good, whereas if glasses too strong are ordered the patient 
complains of mistmess m his distant vision 
If m the presence of hypermetropia visual acuity ls good, 
and there are no symptoms of asthenopia, then certainly glasses 
should not be prescribed, and no ill effect ivill result from the 
patient gomg about vitbout spectacles In children the total 
hypermetropia should be estimated by retmoscopy, vith the 
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accommodation completely paralysed by the use of atropine 
This should be confirmed by a subjective examination, and, 
provided the child can read letters fluently, it should never be 
omitted Great assistance will be obtamed especiallj m 
confirmmg the axis of the estimated cylinder in cases of 
astigmatism 

Very httle assistance may be expected by examining the 
child when the effect of the atropme has passed awaj, so that 
we find by experience that the lens which corrects the total 
hypermetropia under atropine may be ordered, less 1 dioptre, 
winch 13 the measure of the tone of the cihary muscle For 
example, if a child under the mfluence of atropme has full 
visual acmty with 4 50 D, then th^ glass ordered for u«e 
will be -h 3 50 D 

In cases of squmt such a plan should always be followed, 
and mstructions given for the constant use of the glasses , 
^hereaa if the distant vision be good in a case of asthenopia 
with near use of the eyes, then the glasses need onl^ be u«ed 
for near work It is a good plan m all children to arronge for 
the use of the glasses m the first instance, before the effect of 
the atropme has passed away 

In 3 oung adults, if the hypermetropia be high it is often not 
Wise to give the full correction at once Owing to an exce««ivc 
use of the ciliary muscle it has become hypertrophied, and it will 
not easily relax completely It is usual m these cises to order 
the lens that corrects the manifest hypermetropia plus one 
quarter of the latent hypermetropia If the patient has been 
m the habit of usmg glasses then we are able subsequentlj to 
Order the lens that corrects the total hypermetropia An 
allowance of 0 75 D must be made for the recovery of tone m 
the ciliaiy muscle when the correction has been made under 
homatropme, and an extra 0 25D deducted for the aeconi 
modation necessary for readmg the test types at 6 metres 
distance 

In older patients, whose accommodation is le®s powerfu 
more and more of the total hypermetropia becomes manife 
as age advances In such cases we order the glass that correc s 
the manifest hjqiermetropia for distant use if necessary, 
together with the presbyopic correction for near vision 



ASTIGMATISM 


117 


Astigmatism The tj'pea of ametropia that \\ e have so far 
considered have been spherical errors, and capable of correction 
by sphencal lenses , Tve have also seen that m most instances 
they have depended upon an alteration in the position of the 
retma, the refractive po^er of the dioptric media remainmg 
constant 

It was pointed out that tliese errors could be produced by 
some alteration m the curvature of the refractmg surfaces, 
although probably such a cause was rare There is, however, 
one common error of refraction dependmg upon an alteration 
m the curve of the refracting surfaces, which we must now 
consider 

We ha\e hitherto considered that tlie different refractmg 
surfaces of the eye the cornea and lens, are sphencal, so that 
planes passmg in the axis of the eye in all meridians will show, 
where they cut these surfaces, a similar curve Further, these 
surfaces or at any rate, those portions used for direct vision, are 
centred upon the same axis, and so rays refracted hy these 
surfaces are homocentric, and will converge to or appear to 
diverge from a common pomt 

It IS rarely that these conditions ore exactly satisfied, and 
careful laboratory research will show that there is a shght 
difference m curvature m different meridians, the result bemg 
that all the rays refracted by these surfaces do not focus towards 
a common point With these very shght errors we are not 
concerned, as they do not affect direct vision or produce 
symptoms, and, consequently, are not considered as errors 
from the pomt of view of clmical ophthalmology 
Substantial errors of curvature are the ones with which we 
have to deal in practice, and these are designated astigmatism 
(5, privative , ffriy/io, a pomt) 

Regular Astigmatism Astigmatism may affect the surfaces 
of either cornea or lens, and m the case of the lens it may be 
due, not only to a difference of curvature m various meridians, 
but also to a tiltmg of the lens on the optic axis, the refractive 
system then hemg no longer homocentne 
The mam seat of astigmatism is m the cornea and when 
present, measurements will show different radu of curvature 
in different meridians In regular astigmatism, which is a 
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congenital defect m constraction, the directions of the greatest 
and least curvature of the cornea are at right angles one to the 
other, and it is, consequently, the only form of astigmatism 
which may be satisfactorily corrected by spectacle lenses The 
curvatures are usually such that the meridian of greatest 
curvature hes m the vertical plane, and that of least curvature 
in the horizontal, the curves resembling those of a chicken’s egg 
placed upon a table Such astigmatism is called “-with the 
rule,” the other condition being “ agamst the rule ” Although 
most commonly the axes of astigmatism he m the vertical 
and horizontal mendians, they may he m any other of the«e 
meridians, m which case the astigmatism is called obhque 

The cornea may, or may not, be the only surface at fault, 
and the comeal astigmatism may be mcreased or more or less 
corrected by astigmatism of the lens, and so an instrument such 
as the ophthalmometer, which measures only the comeal 
astigmatism, may give quite a wrong impression of the total 
astigmatism, although it often gives helpful information as to 
the axes in which the meridians he , therefore only those 
methods which measure the total astigmatism are perfectly 
rehable 

If we have a spherical lens on which falls a beam of hgiit 
parallel to its principal axis, these rays will be concentrated 
at the principal focus of the lens If now the lens be tilted so 
that the bundle of rays is no longer parallel to the axis, the 
system ceases to be homocentnc, and the rays will now he 
refracted as by an astigmatic surface This pomt os important 
m practical ophthalmology m showing that lenses, ordered for 
the correction of errors of refraction, must be worn m such a 
way that rajs do not traverse them obhquelj This is not 
easily attamed, as the head and spectacles remam fixed wlulst 
the eyes are constantly moving , m the lower degrees of 
ametropia the point is not of very great importance, hut 
in the higher degrees, as seen m extreme myopia, and in the 
use of high powered lenses after cataract extraction 
considerable dimmution of vision will result It is notiwihle 
that the patients who wear such lenses rapidly develop the 
habit of moving the head, and, consequently, the glasses an 
eyes m this manner retam the same relative position 
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during the penod of development, what may ongmally have 
been a hypermetropic astigmatism will be changed mto a 
niLxed or it may be a myopic astigmatism, but the amount 
of astigmatism remama unaltered 
If a screen be placed at varying distances from such a 
refracting surface it will be seen that the image obtained inil 
vary from an almost circular patch near the refractmg surface, 
then elhpsoidal, until the first focal Ime is reached, then through 
an elhjiae to a circular patch After this, the patch becomes 
elhpsoidal, with the major axis at right angles to that of the 
elhpse nearer to the surface, until the second focal Ime la reached 
which IS at right angles to the first focal bna 
The result of astigmatism is that the eye is imablo to form 
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a sharp picture upon the 
retina, which cannot be at 
the focal pomt of the two 
mendians of the cornea at 
the same moment, so that 
when the object is at the 
conjugate of the retina in 
one meridian, the conjugate 
of the other mendian must 
he either in front of or 
behind the retma 
Let us take two lines 
crossmg each other at nght 
angles, andplaced before an 


eye that is astigmatic, with the mendians precisely vertical 
and horizontal If the eye is focussed for rays of hght in its 
horizontal mendian, then the vertical hne will be clearly seen 
This will be clear from the following considerations 

A hne may be considered as a collection of numerous points, 
in the case of the Ime BB placed m a vertical senes , these 
pomts fuse with one miother, and so will produce a verticw 
hne m focus with a shght extension of the ends of the hue, which 
will, therefore, appear a httle longer The thickness of the line 
will be exactly seen and there wfil only be a httle distortion 
at the ends m the length of the hne 

Agam, imagme this astigmatic cornea cut with a gr®* 
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number of horizontal sections, and a vertical line placed behmd 
such a cornea so that it hes in the focal plane of the horizontal 
meridian If a single section be taken, then the thickness of 
the Ime 'will be clearly seen As the cornea is reconstructed so 
does the line grow in length, the imperfectly focussed upper and 
louver end of each section overlappmg each succeedmg section, 
until the end of the Ime is reached, tlie image of which will 
appear mdistmct and blurred, owing to circles of diffusion and, 
therefore, shghtly lengthened 

The Ime AA in the lionzontal plane will, therefore, appear 
blurred m its thickness, and as the ends are well focussed, they 
will appear comparatively sharp, and not frayed out as will the 
ends of the vertical Ime 

With a senes of obhque hues placed ui mtermediate positions 
such as CC, as the Imes approach the vertical they wiU appear 
well defined, and as they approach the horizontal, less well 
defined , in this particular case the maocunum sharpness is 
seen in the vertical Ime, the mmimum m the horizontal 

Climcal Varieties of Regular Astigmatism We have already 
seen that the curvature of tlie cornea, the common site of 
astigmatism, is usually greatest m the vertical mendian, and 
less in the lionzontal, and that more commonly the mendians 
are exactly vertical and horizontal Such astigmatism is called, 
iLvih ihe rule, and when reversed, agatiist the rtde When the 
mendians are otherwise placed, the term oblique astigmatism 
13 apphed 

Simple Astigmatum When the conjugate of one of the focal 
Imes of Sturm lies upon the retma, the condition is known 



i la 97 Simple Hypermetropic 
Astigmatism with the BuJe> 



Fig 98 Sunple Myopio 
^Astigmatism with the Rule. 


as simple astigmatism If the conjugate of the other focal 
linfl hes behmd the retina, the condition is called simple 
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hypermetropic astigmatism, and if m front of the retina, 
sunple myopic astigmatism 

Compound Astigmatism, lii simple astigmatism, the eye 
ui one meridian la emmetropic In compound hypermetropic 
astigmatism each meridian is hypermetropic, one more hyper- 
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metropic than the other , and m compound myopic astigmatism 
each meridian is myopic 

Mixed Astigmatism In this case one conjugate is m imiit 
of the retma, the other behmd 
The Measure of Astigmatism The 
measure of sphencal ametropia is 
theoreticaUy the dioptnc yaJue of the 
coirectmg spherical lens placed at the 
pnncipal pomt of the eye, and m practice 
the sphencal lens placed at the antenor 
pnncipal focus The difference between 
the dioptric values of the lenses that correct the tuo principal 
meridians is the measure of the astigmatism 

Thus, m a case of compound hypermetropic astigmatism, if 
the correctmg lenses are -{-2D sph m the vertical mendian, 
and -|- 4 D sph in the horizontal, the astigmatism is, therefore, 

3 D , and in a case of mixed astigmatism with the horizontal 
mendian corrected with a + 2 D sph, and the vertical by a 
— ID sph, the astigmatism is 3 D 
Visual Disturbances Produced by Astigmatism In all forms 
of astigmatism the visual acuity is reduced, and if the 
astigmatism is also associated with a sphencal error of 
refraction, the reduction is greater 

Eefemng to what has been said when deahng with fayper- 
metropia and myopia it wiH be appreciated that the reduction 
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IS greater ■when myopia coexists with the astigmatism, than 
hypermetropia 

When testmg with distant test types certam letters are 
confusmg, especially those whose Imes of formation run m 
various meridians, such as Z, X, M, N, and so on 
If a diagram formed of heavy radiatmg hnes he placed 
before the eye at a distance of 6 metres, and the eye he free of 
astigmatism, all the rays will appear of equal distmctness and 
equal intensity of blackness , if, however, astigmatism is 
present, then the Imes in one meridian ■will be seen more 
clearly than those m the opposite meridian, the hnes fadmg 
gradually m distmctness as they pass from the meridian of 
most distmct vision, reaching least distmct defimtion m 
the meridian at right angles to that of most distmct 
defimtion 

Suppose the horizontal Ime be that most distmctly seen, this 
means that the meridian of least ametropia is vertical, and, 
consequently, that of highest ametropia tviU be horizontal, the 
most distmct hno runnmg m the mendian of greatest ametropia 
In such a case if the vertical mendion \vere emmetropo, then 
probably the horizontal u tU be hypermetropic, as this meridian, 
m astigmatism with the rule, is that of least curvature 
The Estimation of the Degree of Astigmatism Astigmatism 
will be suspected m a case m which mistakes are made m readmg 
the letters m a Ime which may be spoken of as confusion letters, 
whereas those m the Une which are not so confusmg are 
recognised without mistake 

The use of the radiatmg Imes mentioned above will not only 
confirm this suspicion, but may give a hmt as to the direction 
of the meridians of greatest and least refraction 
The most accurate method of estimatmg the amount of 
astigmatism is by the TnoflmH T-ptTnnRr.npv^ as will be 
explamed m the section dealmg wntU that subject The direct 
method of usmg the ophthalmoscope will al'^o be of us e if the 
astig matism be of anv inn'rked <lf giTp| mfmnl vessels 

runnmg in a horizont^ di rection will a ppear sharply focussed 
if the vertica l mendi an bp~emnietrQp ic. whilst those vessels 
which~nm in tiio vertical mendian will be least d istmct if the 
honzont^lnendian be ametropic 


124 


ERRORS OF REFRACTION 


M the refracting surface most at fault is the cornea, special 
methods of exammation have been introduced with a view, 
not only to diagnosmg the presence of astigmatism, but also to 
measuring the amount chmcaUy 
In a very high degree of asthma tism, such as we see m comcal 
cornea, differences m the behaviour of the cornea as a convex 
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mirror as comiiared with 
the perfectly sphencal 
cornea, easily be re 

cognised, and the imagw 
in a comcal cornea wip 
appear obviously dis 
torted If the astig 
matism be of less degree 
then special methods 
must be adopted to 
mahe this distortion 
apparent, and the most 
useful will be one m 
which a pattern is fre 
quently repeated on the 
surface of an object so 


that we may compare the image formed m one part of the 


cornea with that formed in another part at the same tune 


Such an instrument, known as Placido’s disc, has been in use 


for many years 

This consists of a senes of concentnc circles, alternately black 
and white If such an object be held m front of a perfectly 
sphencal reflectmg surface, the images of these circles will 
remam the same whatever part of the reflecting surface M 
used , if, however, the surface be markedly astigmatic, then 
there will be distortion, which will differ, dependmg upon 
whether » portion of the Burface used is more or Jess curved m 
one direction than another 

The Ophthalmometer. A more precise method is that of 
the use of the ophthalmometer The prmciple of this instru 
ment has already been explained, so that all that need be dona 
now 13 to show how this instrument has been apphed to clinical 
use, smee, obviously, as used for measuring the curvature o j 
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the refracting surface of the eye, it would hare no useful 
application outside the laboratory 

In the original Helmholtz instrument we have a large 
object whose image m the cornea to be measured is at least 
one quarter the diameter of the cornea — it is necessary that 
this image be of comparati\ely large size, so that it may bo 
convemently observed and measured This object remains 
constant m size, and the doublmg apparatus is variable at will, 
so that the edges of the two images may be brought mto 
apposition In the modem ophthalmometer of clmical practice 
we have a constant doubling of the image, but the object is 
vaned in size , this is merely for convenience of practice, the 
prmciple remauung the same 

If we use as a test object a Roman cross whose arms are of 
equal length, and an image of this cross is fonned m an 
astigmatic cornea so that the limbs of the cross correspond 
with the principal meridians of the cornea, then the image of 
the arm m the meridian of greatest curvature will be less m 
size than that of the arm m the meridian of least curvature, 
and if we can measure the size of the image, kno^ving the size" 
of the object, and its distance from the eye, wo can calculate 
the refractive power of the cornea m these two meridians, 
the difference between which will be the measure of the 
astigmatism In place of a cross we use a single Imear object, 
the image of which in one mendian is measured, and then the 
object IS turned about a central point so as to bo at right 
angles to its onginal position sad the size of the image in that 
meridian of the cornea is measured 

Ihe instrument consists of a short distance telescope, with 
a prism of doubly refractmg Iceland spar between the 
objectives , the cornea and the images upon it are, therefore, 
doubled The object consists of two white plates and the 
distance they aie separated one from the other, the plates 
being as it were the ends of a Imear object, the part between 
the two ends bemg mvisible These two plates, or mires, are 
placed upon an arc attached to the telescope, the concavity 
of which faces the patient The image of the object 
m the cornea is double and the extremities of the images 
overlap 
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In the above figure ab represents one image and a'b' the 
other, of AB the object If we make the object AB smaher by 
approximating A to B, then a will approach 6, and a' wiH 
approach 6' This may be done until the edges of o' and b 
touch each other, and when this happens, the size of the 
object AB may be measured fay reading the divisions on the 
arc 

Instead of leaving the observer to m ork out the radius of 
curvature of the cornea m this meridian, the arc is so graduated 
that Irom the position of A and B the radius of curvature of the 
cornea and its refractive power in dioptres can be read off 
If, now, the arc be turned through 90“, a similar observation 
may be made m that meridian, and so the refractive power of 
the two prmcipal meridians observed, the difference between 
the two bemg the measure of the astigmatism 
If the refraction be the same m the two meridians, then the 
size of the image will be the same, and m the first and second 
positions of the arc the images of the imres will have the same 
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relative position If, however, the second meridian has a 
greater curvature the sues of ab and a'b' will be Jess and a’ 
and b wiU overlap The size of the tw o images may be deduced 
from the amount of overlap, and the plates are so made as to 
make this readily observed 

The plate A has a senes of steps of such a size that the image 
of the rectangular plate B wiU overlap one step of the image 
a' (the image of A) for each dioptre of difierence between the 
two meridians 

It must be noted that the reading given by the oplitlial 
mometer is that of the difference m refractive power between 
the two prmcipal meridians of the cornea only, it is not a 
measure of the total astigmatism of the eye the measure is of 
the lens that must be worn at the prmcipal pomt of the eye, 
and, consequently, m contact with the cornea whereas glasses 
are worn at the anterior prmcipal focus of the eye about 15 mm 
m advance of the cornea The ophthalmometer docs not give 
the measure of the total refrtiotion of the eye, and the measure 
of hypermetropia or myopia must be made by other means 

The Use of the Astigmatic Fan This may be a very valuable 
aid m cases m which a mydriatic is not used, and the pupil 



is too small for an accurate estimation of the refraction by 
retmoscopy It is especially useful m decidmg the presence 
or absence of low degrees of astigmatism, and the axis m which 
the correctmg cylmder should be placed 
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The patient’s gaze is directed to the fan of radiating lines at 
6 metres distance, whose direction vanes from 0® to 180®, and 
one eye is examined at a time It is found that better results 
are obtamed by " foggmg ” the vision, that is, reducmg the 
distant vision to 6/18 by a convex or concave glass Wien this 
has been done, a patient with astigmatism will just be able to 
distmguish one set of Imes clearly, the rema ining hnes being 
indistinct, more especially those at right angles to the most 
distmct Ime The distmct line gives the mendian of greatest 
curvature, and then by placmg concave cylinders m the tnal 
frame, with their plane axis at right angles to this Ime, we are 
able to choose a smtable cylmder to render the Imes clear that 
M^ere previously mdistmct 

Suppose, for instance, the Ime at 90® is the most distmct, 
the Ime at 180® will be least distmct, then by placmg concave 
cylmders with their axes at 180®, the lines at 180® will be made 
as distmct as those at 90® If we now direct the patient’s gaze 
to the test types we are able by modifymg the sphere to dad 
the lens combmation that gives acutest vision 

No method of estimation can replace retmoscopy on account 
of Its great accuracy, and the mdependent position m ^hioh it 
places the surgeon, and it must be remembered that, oivmg to 
defects in centermg of the refractive media of the eye or the 
obbque position of the lens, the patient os able to detect 
errors* by subjective tests that we are unable to coirect with 
lenses 

Irregular Astigmatism This is usually duo to disease of the 
cornea, more especially to the local alteration of the curvature 
of the cornea due to cicatrisation after ulceration, m which 
vision is also reduced by the opacities m the cornea A very 
marked degree of irregular astigmatism is seen m conical 
cornea m which the vision is also reduced by a high degree of 
negative afcetration asvd often, by a. sear near the apex of the 
cone 

Such astigmatism cannot wholly be corrected by Bpoctacle 
lenses, and the ophth^mometer or astigmatic fan will gi^o 
httle or no help Sometimes a great deal of help can be 
obtamed by retmoscopy, but usually it is by a method o 
patient experiment that any help to the patient can be given 
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The best plan is to make use of the stenopaeic slit, which 
consists of a diaphragm of metal or 
vulcamte m the middle of which is a 
sht 2 mm in width 

This is placed before the eye so that 
the sUt 13 exactly opposite the pupil, 
and IS then turned m various mendians 
until the best vision la obtamed With 
the sht m this position a note is made 
of the beat vision obtamed with the 
highest convex or lowest concave glass 
We then repeat the observation with 
the sht at right angles to its previous direction It is well, 
also, to repeat the experiment m mtermediaie meridians 
For example, with the sht placed horizontally the best 
^ ision 13 obtamed wntb a -f- 2 D sph and with the slit vertically, 
placed with a — 3 D sph, the glass suggested will be a 2 00 1) * 

sph with a — 5 D cyl ax ISO** This, at any rate, will be 
useful information on which to work, but only patient trial will 
lead to the glass which gives the best vision 
Anisometropia. This is the condition m which there is a 
marked difference m the refraction of the two eyes 
Theoretically, anisometropia is present when the difference 
m refraction between the two eyes is ever so shght, and even 
small degrees may cause symptoms of asthenopia 

Practically, the eyes cannot be accommodated to different 
extents at the same time, the difference possible amountmg to 
but0 12D 

When the ejes, with a similar static refraction, ore accom 
modated for an object held midway between the two eyes, no 
difference of accommodation is necessary m the two eyes to 
produce equally sharp images upon the retmjc, but, when the 
object IS held to one side, at a near range, an equal amount of 
accommodation in each eye will not produce equally sharp 
images m the two eyes 

In a similar way, if the two eyes have a different static 
refraction, an object held m the mid line between the eyes will 
not produce sharp images m each eye when equal degrees of 
accommodation are exerted m the two ejes 
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In the condition of anisometropia we can easily prove that 
unequal degrees of accommodation are not exerted by the tuo 
eyes If we take a smgle line of small prmt, and place before 
one eye a ■neak pnsm, base downwards or upwards, then the 
hne will be reduphcated, one just above the other it aiill be 
found that the two hues are never equally sharply focussed, 
one will always be more or less blurred The same will be 
found when the line of print is held well to one side at a close 
range, in similar circumstances, before an individual with the 
same static reiraction m each eye 

In anisometropia the eje that is properly focussed is that 
which requires the less accommodative effort for the distance 
at which the object is held, so that when one eye is mjopic and 
the other emmetropic, the myopic eye is correctly focussed, and 
when one eye is hypermetropic and the other emmetropic, the 
emmetropic eye is properly focussed 

When the object is held at close range to one side of a pair 
of eyes with equal static refraction, and of equal visual acuity, 
it is the eye that hes nearer the object that decides the amount 
of accommodation used 

Up to 2 D, correctmg glasses can usually be w om after a 
short trial, but above this, greater and greater diihculty is 
experienced as the amount of diflerence increases, and 4D 
IS certainly the limit There are various reasons why this 
difficulty should occur If we were able to wear glasses 
exactly at the anterior focus of the eye the difference m size 
of the retinal images would not be different m the two eyes , 
but we always have our spectacle glasses in advance of the 
anterior focus of the eye owing to the projection of the lashes 
As a consequence there will be a difference m tho size of the 
retmal images m the two eyes Another important reason 
13 the difference in prismatic effect of the two lenses when the 
visual axis is directed obhquely through them The result is 
an artihcial heterophorzs, so that when looking dominards at 
the book a vertical diplopia is produced, with all the trouble 
some symptoms of a hyperphoria 

In the higher degrees of anisometropia the eyes are frequently 
used alternately , one eye being myopic and the other emmetropic 
or hypermetropic Such patiente do not suffer liom asthenopia, 
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as there is no attempt at binocular vision, and one eye is used 
for near objects and the other for distant These patients 
have not binocular vision, and can use the full correction 
constantly 

For near work, however, glasses may sometimes be used by 
averaging the difference between the two eyes This may be 
done by making each eye artificially myopic by the amount 
equal to half the difference m the refraction between the two 
eyes Thus, in a patient with 1 D of hypermetropia m one eye 
and 2 D of myopia in the other, a pair of spectacles with a 
4* 1 5 D spli m front of the hypermetropic eye and — 1 5 D 
sph m front of the myopic eye may be ordered for near use 
In all cases of anisometropia m young people, an attempt 
should be made to use correcting lenses, so as to develop and 
retam bmocular vision , m adults attempts will usually fail 
In cases of constant squmt, the correctmg glasses sho^d bo 
worn, accompanied by exercises with a view to regaimng vision 
in the amblyopic eye 

Aphakia In aphakia the lens has been removed from tbo 
eye It is the condition found after the removal of a cataract, 
and in those rare conditions in which it has been necessary to 
remove the lens in high myopia 
The result is that one of the chief refractmg media of the eye 
has been removed, and the dioptnc value of tbo eye reduced 
by tliat amount , m the previously emmetropic eye a condition 
of high hypermetropia has resulted, and if the eye were 
previously myopic, it will now bo less myopic, or oven shghtly 
hypermetropic 

The optic system of the eye is now evtremeJy simple, con- 
sisting merely of a smgle convex surface, the cornea, bounding 
a medium whose refractive index is 1 337 

The radius of enrvatm® of the cornea, is S mm , and the 
index of refraction of the air 1, the medium outside the eye 
The formula for the anterior focus is 
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for the posterior focus 


iL —It, 

1 337 X — 8 
= 1 337 - 1 

and so the antenor focus of the eye is 23 774 mm m front of 



the cornea, and the posterior focus 31 774 mm behmd the 
cornea, that is, about 8 mm behind the retma m a previously 
emmetropic eye 

An aphakic eye which was previously emmetropic is highly 
hypermetropic, so that its punctum remotum will be behind tho 
eye Let P be the punctum remotum of such an eye m Pig 105 
Then rays convergmg towards P will come to a focus on the 
retma In other words, P and a pomt on the retma will bo 
conjugate pomts m the refractive system, and if P be at a 
distance I 2 frxim the first piincipal focus and the retma ho at 
a distance from the second pnncipal focus Fg, then = 
F'F", and can be calculated 


Thus 


h 


F'F" 

h 

(23 74) (— 31 74) 
8 


— 753 
8 


= — 94 mm 


That is, the punctum remotum is behmd the eye at a distance 
of 94 4 mm from its antenor pnncipal focus, and a lens havmg 
a focal length of — 94 4 mm , placed at the antenor pnncipal 
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focus, will cause parallel rays to come to a focus on the retma 

1,000 

This correctmg lens will have a dioptric strength of — ^ or 
106D 

As glasses are ^\om at 13 mm m front of the cornea, a lens 
of shghtly less focal length, and, consequently, higher dioptric 
value, IS required 

When a lens, m axial ametropia, is worn at the anterior 
prmcipal focus of the eye, the distance of the retma from the 
nodal point of the eye remains the same, and so the size of the 
image remams the same 

The distance N of the nodal pomt from the retma is 16 64 
mm , whereas m aphakia the distance is 20 69 mm 


if ^ 20 69 

if ■" 15 54 


=s 1 33, 


thus showmg that the image in corrected aphakia is about 
one third larger than m the emmetropic eye The tests for 
visual acuity are not really comparable as 6/12 m emmetropia 
IB equivalent to 6/9 m corrected aphakia 

This disparity in size of the retmal images explains how it is 
that a patient who has one good eye is not benefited by an 
extraction of a cataract in the fellow eye, as he is unable to 
fuse images of different sizes 

After extraction of a cataract by an mcision at the hmbus 
in the usual way, a certain amount of astigmatism against the 
rule is produced, owing to the flattening of the cornea in the 
vertical meridian, durmg the healing of the wound The 
amount is usually about 1 5 D, but may be greater, and as this 
amount tends to dimmish rapidly m the weeks followmg the 
operation, the final glasses should not be given until at least 
SIX weeks have passed 

These difficulties have been overcome by the mtroduction of 
contact lenses In cases of monocular aphakia the apphcation 
of a contact lens m the aphakic eye will restore binocular 
vision The astigmatism produced by cataract extraction is 
not of the regular variety, and as a result the use of spectacle 
lenses never exactly corrects tho error of refraction produced 
With contact lenses, which elunmate the refractne power of 
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the cornea, much better visual results may be attamed, and 
the distortion produced by the periphery of spectacle lenses 
of high power abated thus the field of vision is considerably 
increased 

Anomalies of Accommodation. Presbyopia When dis- 
cussmg the mechanism of accommodation we saw that the 
power of focussmg the eyes for objects neater than infini ty, the 
d3Tiamic refraction of the eye diminished as age advanced, 
and that whereas at the age of ten years the average amphtude 
was 14 dioptres, m old age no accommodation for near objects 
xemamed This gradual loss of the power of accommodation 
IS physiological as weh as the hypermetropia that is acquired 
in old age, both conditions bemg directly due to sclerosis of the 
lens producmg, on the one hand, an melastic lens that will 
not respond adequately to a given contraction of the ciliary 
muscle, and on the other, such a high mdex of refraction of 
the cortex, that the dioptnc value of the lens as a whole is 
reduced 

When the near point of accommodation has receded to 
28 cm , the condition is known as presbyopia This arises in 
the emmetrope about the age of forty five years, but necessarily 
earher m the hypermetrope, and later m the myope, depending 
upon the amount of static refiractive error In the myope 
whose error is 4 D, presbyopia will never arise 

Most of our work at near range is carried on at a distance of 
33 cm , readmg, writmg, and the rest, so that we find it necessary 
to exercise 3 D of accommodation for long periods dunng the 
day At the age of forty five years, the average amphtude 
of accommodation is 4 P, so that m an individual who is 
emmetropic, it is necessary to exert almost the w hole of the 
accommodation to mamtam useful near vision In consequence, 
especially later m the day, difficulty is expenenced m reading 
at cm , and the tiook is held farther away, the letters 
formmg smaller and smaller angles at the nodal pomt of the 
eye until m a few years reading is impossible with books 
prmted m ordinary type 

Experience shows that we must have about 0-5 D of accom- 
modation m reserve, so as to work comfortably at a distance 
of 33 cm , and when the accommodation has fallen to 4 D, 
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then Vie must give assistance to the eyes by usmg convex 
glasses of appropriate strength The accommodation which 
remains, together with the convex glass prescribed, must 
never exceed 4 5 D , therefore, considenng that at each year 
of life there is a maximum and nununvm amphtude of 
accommodation, when large numbers of mdmduals are 
exammed ^e must not order readmg glasses merely by rule 
of thumb Each patient with presbyopia must be exammed 
to find the amphtude of accommodation that remains, that is, 
his near pomt must be measured whilst wearmg the glasses 
that correct Ins ametropia, and the figure foimd supplemented 
by a convex lens, so as to brmg tbe punctum proximum to 
22 cm , m other words, to tender the sum of accommodation 
and spectacle lens equal to 4 5 D 

The reason why such great care should be taken not to give 
a lens of too high a power is that with a lens of too great dioptnc 
value we upset the balance between accommodative effort and 
convergence 

It IS, at first sight, remarkable that patients with presbyopia 
find comparatively httle difficulty m mamtammg the con 
vergence necessary at near range, smce it would appear that a 
patient who requires a -f 3I> lens to read at 33 cm exerts 
but 1 D of his accommodation, but yet must converge the visual 
axes 3 metre angles m each eye The explanation is suppUed 
by the following reasons, which are summarised from Fuchs’ 
observations 

Recession of the punctum proximum due to sclerosis of the 
leas has little to do with any impairment of power of the cihary 
muscle, which is easily understood when we remember that 
w hen the muscular power of the body is at its greatest, the 
accommodative power is less than that of the young child 
It IS likely that the actual contractile power of the ciliary 
muscle of the man of forty yeaiB (when the punctum proximum 
is 17 cm ) 13 as good as that of the boy of ten years, with a 
pimctum proximum of 7 cm , that is, when focussing a near 
object, both exert an equal amount of muscular power, but, 
of course, with very different results upon the dioptno value 
of the mtraocular lens, and that whereas theur physiological near 
points are the same, their physical near points are very different 
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When we come to deal with the presbyopic individual, the 
'physiological accommodation does not necessarily correspond 
with the physical accommodation Thus an mdividual who has 
but 1 D of accommodation remaining la able to read at a 
distance of 33 cm with suitable glasses It would seem that 
he need only contract his ciliary muscle sufficiently to produce 
the effect of 1 D in the mtraocular lens, yet it is probable 
that his effort of contraction of the ciliary muscle is sufficient 
to add 4- 3 D to the mtraocular lens if it were m such a phj’sical 
state as to respond to such an effort, that is, he contracts his 
ciliary muscle m accordance with the stimulus set up by the 
convergence, rather than to accord with the effect on the lens 
that the convergence is designed to produce 

Paralysis of Accommodation. Cydoplcgia The result of 
paralysis of the accommodation is an extreme loss of the power 
of focussmg near objects, a great reduction m the amphtude 
of accommodation When the accommodation is very deficient 
there may be some difficulty m roeasurmg whatever may remam 
owmg to the patient finding it impossible to see very small 
prmt or the hairs of the optometer or similar device that we 
may use To overcome this difficulty, first of all find the lens 
that corrects any ametropia present, and so render the eye 
emmetropic, then if the smallest near tj’pe cannot be read 
add a 4- 4 D sph to the correction m the test frame This 
in complete paralysis will bnng the punctum proximum to 
25 cm Suppose it to brmg the punctum proximum to 20 
cm , this being the focal length of a 4* 5 D sph lens, shows 
that with the 4- 4 D sph the total accommodation is 5 D, and, 
therefore, the eye itself is exertmg 1 D of accommodation 

Paralysis of the accommodation is due to paralysis of the 
ciliary muscle, and it may exist by itself as a sole symptom or 
be associated with paralysis of the sphmcter of the pupil (the 
more common condition) in ophthalmoplegia mterna, or it 
may be part of a complete paralysis of the third nerve 

Apart from difficulty in vision at a near range, patients with 
paralysis of accommodation complam of micropsia, that is, 
objects appear smaller than usual This is due to an mcreased 
effort of accommodation, leading the patient to suppose that 
an object is nearer than it really is but the retmal imago is not 
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increased, and so he imagines that the object has diminished m 
size 

The causes of paralysis of ttie accommodation are 

1 Toxic Diphtheria is the commonest cause, the panal^sis 
appearing^ about the sixth week after the onset of the disease, 
which may not be very severe Not mfreq^uently the ciliary 
muscle alone is paralysed, the sphincter pupiUse bemg spared 
The soft palate is frequently affected at the same tune as the 
cihary muscle Influenza is sometimes a cause, as well as 
diabetes and ptomame poisoning 

More recently paralysis of the cihary muscle, ivith or without 
paralysis of the sphmcter pupiUse, has been found m encephahtis 
lethargica, m which it is likely to remam permanent, whereas 
m other diseases the power of accommodation is gradually 
recovered 

Toxio paralysis is usually bilateral 

2 Drugs Certain drugs cause paralysis of accommodation 
The cycloplegia is always accompanied by mydriasis, and may 
be unilateral (5ee p 138 ) 

3 Cerebral syphilis, as well us tabes dorsalis and general 
paralysis 

The condition is often unilateral and accompanied with 
mydriasis, and not infrequently with paralysis of the tlurd 
nerve 

4 Contusion of the eye 

WedKness of the accominodatum is not infrequently seen after 
a severe illness, and it may be many months before full power 
of the muscle is regained It is one of the causes of asthenopia, 
and will be diagnosed when we And that the amphtude of 
accommodation does not correspond to the age of the patient 
These cases we may help by prescribmg reading glasses that 
bnng the punctum proximum to a ireful distance 

In the early stages of glaucoma, weakness of accommodation 
13 seen, and a rapidly advancmg presbyopia, especially out of 
proportion to the age of the patient, should arouse suspicion 

Spasm of Accommodation Genuine spasm of accommoda* 
tiou IS uncommon, and it is usu^y produced by an uncorrected 
error of refraction m eyes that have been used for prolonged 
penods for near work m a bad light 
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We lia\ e seen that there is a. normal physiological tone of the 
ciliary muscle, which is revealed by the use of atropme, and 
which has a value of about 1 dioptre The use of atropme 
sometimes causes a greater effect, showmg that there has been 
spasm of the cihary muscle 

The condition is more often seen m myopia, and we are made 
aware of its presence when the patient accepts a higher concav e 
lens when exammed subjectively than we have found by 
objective examination 

The use of eserme produces spasm of the cihary muscle 

Spasm of accommodation associated with spasm of con 
vergence is found m hystencal patients 

Cycloplegics and Mydnatics. Drugs that dilate the pupils 
and paralyse the accommodation are used with such frequency 
m estimatmg the refraction of the eye that it is of importance 
that we should have some detailed knowledge of their 
action 

Both properties are of use, smce the dilated pupil allous 
observations, both by ophthalmoscopy, retmoscopy, and witli 
the sht lamp that are difficult or impossible when the pupil 
is small and the cycloplegio action allows an estimation of the 
static refraction of tlie eye which may otherwise be difficult 
in an adult and impossible m a young child 

It must be borne m mind that a dilated pupil exposes portions 
of the lens that are not used m ordinary vision through the 
pupil of natural size, and as the eye suffers, m common with all 
other optical instruments from spherical aberration, care must 
be taken in estimatmg the refiaction, especially by retmoscopy, 
that our observations are confined to the central parts of the 
system which alone are uncovered by the natural pupil, an 
area not greater than 4 xnm m diameter It is for this reason 
that we have impressed upon the observer, m the chapter on 
retmoscopy that the central part of the hght reflex m the 
dilated pupil alone should be observed and no attention paid 
to the peripheral reflex 

It may not be out of place to impress upon the student 
that the tension of the eyes and the condition of the pupils 
must be observed before mydriatic drugs may be apphed with 
safety 
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Tile following are the drugs m common rise m estunatmg the 
refraction of the eye 

Atropine. This is the most powerful oycloplegic and 
mydnatic we possess, and a amgle drop of a 1/45,000 solution 
wiU dilate the normal pupil It is commonly used in two forms 

1 A watery solution of the sulphate of atropine of the 
strength 1 per cent 

2 A solution of the alkaloid m soft paraffin (yellow), also 
of the strength 1 per cent 

A single drop of the watery solution dilates the pupil in 
fifteen minutes, and a few minutes later begins to paralyse the 
accommodation The action on the cihary muscle is slow, 
and paralysis is not complete for at least two hours It requires 
frequent application to produce complete paralysis such as is 
required for estimation of refraction, and, especially m young 
people with a powerful accommodation, the drug must be used 
three times daily for at least three ds>8 

It must be remembered that atropine is a poison, even when 
used m small quantities as drops for the conjunctival sac, 
and so the omtment of atropine is to be recommended as a safer 
application, especially m children The omtment is also more 
efficacious, as it is mote likely to remam m the conjunctival 
sac than the watery solution, and so to act contmuously 

Care must be taken that no omtment is used for several 
hours before the exammatiou, lest the cornea be rendered so 
greasy that its transparency and regular refraction are mter 
fered with 

Atropme used m the way mdicated will cause paralysis of 
the cihary muscle for from seven to twelve days, and dilatation 
of the pupil for even a longer period This is the great objection 
to Its use, especially in. adults, as no drug can overcome its 
action, and the patient is unable to read normally for many 
days, and m certam cases the nsk of glaucoma is run so long 
as the pupils are dilated 

Homatropine. This drug, commonly used m the form of 
homatropme hjdrobromide, has similar properties to those of 
atropme, but has the advantage of being more rapid m the 
disappearance of its action, as well as bemg easily controlled 
in its action by esenne 
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It 13 commonly used in two forms 

1 As a watery solution, of a strength 1 per cent of the 
hydrobromide 

2 As a watery solution of hoinatropme, hydrobromide and 
cocam hydrochloride, 2 per cent each 

3 As a solution m castor oil of a mixture of the a.1Un.lnida of 
homatropmo and cocam, 2 per cent each 

The oily solution has the advantage of not bemg washed out 
by the tears, and, consequently, requires but one apphcation 
m a given case of refraction 

With such an apphcation 

1 A dilatation of the pupil, which began at the fifth mmute, 
reached its maximum at the fifteenth, and disappeared m 
forty eight hours 

2 A recession of the near point, which began at the fiftli 
mmute, reached its maximum at the sixty fifth mmute, and 
disappeared m nineteen hours The maximum recession was 
equivalent to 6 72 D 

3 A recession of the far pomt, which began at the fifteenth 
mmute, reached its maximum at the seventy fifth mmute 
The maximum recession was equivalent to 1 84 X> 

4 A dimmution of the range of accommodation, which 
began at the fifth mmute, reached its maximum at the sixty* 
fifth mmute, and disappeared in mneteen hours This decrease 
at its TtiaxiiTnim amounted to 4 9 D, that is 0 91 of the normal 
range (6 39 D), so that the total range was the 0 49 D 

It IS found that the mixture of homatropme and cocam 
dilates the pupil mote rapidly than when homatropme alone 
IS used, and its effect lasts longer Similarly its effect on the 
punctum proximum lasts longer, and the accommodation is 
practically reduced to ml by its influence 

A drop of the wateiy solution will cause dilatation of the 
pupil m fifteen minutes, and if the application is repeated ercij' 
fifteen mmutes, will, m an hour, cause almost complete paralysis 
of the accommodation The effect on the accommodation will 
have passed m from six to twenty four hours sufiiciently to 
allow near use of the eye, and m fifty hours completely 

Apart from the rapid recovery of the accommodation after 
an apphcation of homatropme, a further advantage m its use 
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IS that its action can rapidly be overcome by the subsequent 
use of esenne, which has no effect upon the action of atropme 

In one case an application of homatropme caused 

1 A dilatation of the pupil (4 mm ), which began at the 
tenth minute, and reached its maximum at the fortieth mmute , 
whilst m this condition, at the eightieth mmute, esenne was 
apphed, and caused a contraction of the pupil, which began 
at the nmetieth mmute, and reached its maximum (2 mm ), 
at the 105th mmute 

2 A recession of the near pomt which began at the tenth 
minute, and reached its maximum at the sixty fifth, and was 
then equivalent to 4 83 D At the eightieth mmute, while 
the recesasion was still great, esenne was apphed and caused 
an approximation, which began at the eighty fifth mmute, 
and reached its maximum at the hundredth minute The 
maximum approximation was equivalent to 7 78 D The 
near point was therefore 4 cm (3 42 P) nearer to the eye than 
at first 

3 A recession of the far pomt, which began at the fifteenth 
mmute, reached its maximum at the sixty fifth mmute, and was 
then equivalent to 0 0 D at the eightieth minute, esenne '»as 
apphed and caused an approximation, which began at the 
eighty fifth, reached its maximum at the hundredth, and uas 
equivalent to 7 2 D The far pomt was therefore at 31 cm 
{6 71 D ) nearer to the eye than at first 

4 A dinunution of the range of accommodation, u hich began 
at the fifth mmute, and reached its maximum at the sixty fifth 
mmute This decrease at its maximum was equivalent to 
4 23 P , that is, 0 79 of the normal range (5 31 P) so that the 
total range was then 1 08 P At the eightieth mmute, wlien 
the range was still greatly decreased (by 3 87 P ), esenne was 
applied, and caused a temporary disappearance of accom- 
modation at the ninetieth minute 

Therefore, after paraljsis of the constnetor pupilho and 
ciliary muscle by homatropme or homatropme and cocam, tlio 
application of esenne causes a contraction of the pupil, and an 
approximation of the punctum proximum, so that in the 
majority of cases the mdmdual can resume near work m a 
few mmutes without inconvemence. 
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AVhen an eye haa recovered from the action of a cycloplegic 
it ■mil be found that the lens gave full vision with the 
accommodation paralysed is no longer accepted, but if it be a 
case of hypermetropia a somewhat lower power of lens is the 
one chosen by the patient The actual amoimt of reduction 
necessary to give good vision vanes with different patients, but 
as a rule the eye will accept a lens of 1 D less power in a case of 
hypermetropia when the accommodation has recovered from 
the effects of atropme, and 0 75 D less m the case m which 
homatropme has been used 

It must be remembered that when the accommodation is 
fully relaxed there still remains a certain amount of physio 
logical tone m the cihary muscle which produces relaxation in 
the fibres of the suspensoiy bgament of the lens, and so causes 
the lens to be more convex than when the tone of the muscle 
IS temporarily destroyed by the use of a cycloplegic. The 
dioptno value, so to speak, of this tone is, with the use of 
atropme, + 1 B, and with homatropme, a less pow erful drug, 
+ 076D 

In the case of myopia it is not always necessary to make this 
allowance, or at any rate not one of such large amount as m 
hjTpermetropia , the ciliary muscle is less developed m myopia 
than m hypermetropia (where it may be of excessive size and 
power), so that not more than 0 50 D should be allowed for 
muscle tone, and in most cases nothmg at all 



CHAPTER V 

THE OPHTHALMOSCOPE 


In ordinary circumatancea the pupil of the eye appears black, 
the explanation of •which remained obscure until the middle 
of the nineteenth century Flrom tlie fact that in albmoes the 
pupil appears red, it was assumed that the choroidal and retmai 
pigment m the normal eye absorbed all the light that entered 
it, and that it was only when this pigment was absent in the 
albmo that any kmd of -new of the fundus of the eye was 
possible 

This explanation is based upon an erroneous interpretation 
of the facts The reason why the pupil of the albino gives a 
red appearance is not due to the absence of pigment to absorb 
any light that may enter the eye through the pupil, but is due 
tp the fact that ligii t enters the eye n 
but also through the iris and sclera, w inch by the absence of 
uveal pigment are rende red transiuce^ This was proved 
by Donders, who showed tliat wiien an opaque diaphragm with 
a hole the size of the pupil was placed m front of an alhinotic 
eye so that the hole coincided with tlie pupil, the pupil appeared 
black as m eyes with the normal amount of pigment Tlie 
explanation, then, of the blackness of the pupil is that very 
little hght can enter the eye through the relatively small 
opening in the iris, that the light is not absorbed entirely by 
the uveal pigment, but is leHected back through the pupil in 
the same direction as that by which it entered and so could 
only bo appreciated by an observer if his own pupil happened 
to comcide ^vith the path of this narrow^ bundle of rays of hght 

It must have been noticed from the remotest times that the 
eyes of certain ammals, especially carmvora and nocturnal 
animals, give out a bright reflex m the dusk This w as explamed 
by assuinuig that the eyes of these animals emitted hght at 
night like the bodies of glow worms, and that it was useful to 

1<3 
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them m searching for their prey m the dark Prevost, in 1810, 
showed that this glow never occuned m complete darkness, 
that no imtatioR of the animal produced ifc, and that it « as 
due to the reflection of incident light Gniithuisen, after 
confirming this observation, showed that the ghttenng was 
due to the reflection of light from the tapetum, a portion of the 
choroid, the retinal surface of which is highly polished, and 
stated that he had seen the reflex m dead ammal.q A similar 
glow had been noticed m the human eye in certam diseases, 
especially when a tumour occupied the fundus of the eye, and 
Beer, m 1839, remarked the glow m certain cases of anindia, 
and also that the eyes of the observer must look at those of the 
observed in a direction nearly parallel to that of the mcident 
rays 

W Cununmg m 1846 and Brucke m 1847, found, mdepen 
dently of each other, a method of rendenng the normal human 
eye lummous when the observer looked nearly parallel to the 
direction of the incident rays Brucke ongmalJy tned the 
method on vanous animals who possessed a tapetum m a 
zoological gardens, and was led to try the experiment on the 
human eye by remembering that when he was a hoy his father 
had dismissed a servant owing to the unpleasantness of seeing 
his eyes shining in the dusk Brucke first tried the experiment 
on the eyes of Du Bois Reymond 

The accompanying diagram shows the method employed 
In a dark room a hght L is held m front of the observed eye 
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The observed eye must not accommodate for the hght A circle 
of diffusion illuminates the retina, which reflects rajs back 
not only to the source of hght but also in other directions in 
the form of a cone The observer’s eye held to one side of the 
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source of bght, and protected by a screen from its direct light, 
will receive some of the rays reflected from the fundus of the 
observed eye This expenment will only succeed if the observed 
eye be hypermetropic or strongly myopic In the case of an 
emmetrope the rays ate reflected so as to leave the eye in a 
parallel direction, and then the observer can only receive them 
if his ej o comcides with the path of the incident rays (Fig 1 07) 

Although the fundus could be lUummated and made visible 
by this means, details of its structures could not be seen, and 
the reason for this gave nse to much discussion As early as 
1704, Mery observed that he could see the vessels m the retma 
of a cat’s eye when its head was immersed m water In 1709, 
de la Hire, commenting on this observation, stated that the 
water abolished the refraction of the cornea, and so apparently 
brought the cat’s retma nearer to the eye of the observer, the 
view of the fundus bemg facibtated by the dilatation of the 
cat’s pupil, which allowed a better illumination of the interior 
of the eye 

£Vom the experiments of Camming and Brucke it was shoivn 
that m order to see the fundus of an eje of any refractive 
power it was necessary to bring the eye of the observer mto 
the path of the rays reflected from the eye without obscuring 
the rays from the source of light illuminating the interior of the 
eye If the eye were accommodated for the source of light, 
the retma and the light then became conjugate foci, and 
unless the eye of the observer comcidcd with the source of light 
no details of the fundus could be seen (Fig 108) This is 
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apparent from the diagram, m which L is the source of bght, 
and I the image of the source formed by tho accommodation 
of tho oye 

Helmholtz was the first to give a complete account of the 
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relation between the incident and emergent rays, and a true 
explanation of the blackness of the pupil 

He used, to lUummate the fundus, the virtual image of the 
source of light formed in a glass plate and was in this way 
able to place the observer’s eye behmd tlie^glass^plate so as 
to mtercept some of the rays which were reflected by the 
fundus of the observed eye, and passed through tiie plate of 
glass 



The arrangement is shown m the diagram (Fig 109) 

L is the source of light, and AB the glass plate the greater 
part of the rays of hght will pass through the plate m the direc- 
tion SI and so be lost, others will be reflected m the direction in 
as if they had come from the virtual image of L, m the position I 
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If the observed eye D be placed so as to receive the rays 
reflected by the plate, and the observer’s eye C be placed behind 
the plate, C mil, in this posititm, be able to receive rays reflected 
from the fundus of D, which pass through the plate AB in the 
direction of I Some of the rays from D will be reflected back 
to L, and thus will be lost 

Provided the observed eye and that of the observer be 
emmetropic, that is, the observed eye emittmg parallel rays 
and the observer’s focussed for parallel rays, it will be possible 
to see the details of the retina of the observed eye 

As it IS necessary for both the observer’s and the observed 
eye to he emmetropic and m a state of relaxation of the accora 
modation, it would seldom be possible to obtain a clear view of 
details of the fundus Helmholtz solved this practical problem 
by placmg before the observer's eye a piano concave lens, and 
by this method was able to obtam a magnified erect image of 
the fundus 



In Fig 110, A IS the observed eye and B the observer’s, 
L the light and ab the sujienmposed plates acting as a mirror 
The rajs reflected from the retina of A will leave the ejo in a 
convergent direction dependmg upon the retraction of the eye 
These rays are made, by the lens d, held nearer to or farther 
away from B, to take such a direction that the eye B is able to 
accommodate and so bring the rajs to a focus upon its retina 
This arrangement is essentially that of GahJeo’e telescope, the 
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lens system of the observed eye A, bemg the objective, and 
the piano concave lens d, the eye piece 
The above method is known as the direct method of ophthal 
moscopy, the exammation of the erect image of the retma 
In 1852 Rente improved upon the plates used by Helmholtz 
as a mirror, by introducmg a concave silvered mirror from a 
portion of which the silvenng had been removed, and also 
described another method of usmg the ophthalmoscope based 
on the principle of the Kepler’s or astronomical telescope 
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The prmciple is shown m the diagram m which A is the 
observed eye, B the observer’s, and L the source of hgbt The 
rays are reflected mto the eye by the concave silvered mirror M, 
and after leavmg the eye are made to come to a focus m front 
of the observed eye by the mterposed lens C, of short focal 
length Thus an aerial inverted image is formed between the 
mirror and lens for which the observer’s eye B is accommodated, 
aided, if necessary, by a suitable lens placed behmd the sight 
hole of the mirror 

This method is known as the indirect method of ophthalmo 
scopy, or the examination of the mverted image 

The Dieect DIethod Examutatton of the Erect Image 
1 In Emmetropia Rays emitted by an emmetropic eje 
are parallel m direction, and the image formed by them is at 


DIRECT METHOD 


149 


mfimty this is what we mean when we say that the punctum 
remotum or conjugate focus of theretmaof the emmetropic eye 
IS at infinity These rava produce d behind the e ye will give a 
vir tual erect mmge of the retina at infinity, and m ixont of th e 
eye, a real mverted linage at mlinily 

If m front of such an eye, another emmetropic eye be placed, 
or an eye rendered emmetropic by a suitable lens, these rays 
will come to a focus upon the retma of the second eye, giving 
an image of the retina of the first eye when the accommodation 
of each eye is at rest, that is, when both eyes are m a state of 
static re&action 

To the second eye, that of the observer, the rays will appear 
to have come from an enlarged virtual erect image bebmd the 
first, or observed eye 

let A be an emmetropic eye and ab a small area on the 
retina Let XY be the optic axis, and the pomt a he upon it 
As when constructmg images formed by a convex lens, to 
find the image of a pomt on the retina it will only be necessaiy 
to consider two rays, namely, one parallel to the axis, which will 
after refraction pass through the anterior focus, and another 
ray, a secondary axis, which will pass through the nodal pomt, or 
optic centre, and so out of the eye without refraction (Fig 112) 
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Takmg the pomt b draw two rays, one M parallel to the optic 
axis which will pass through E and 6iV which will pass out of 
the eye parallel to dE, having undergone no refraction These 
rays projected behind the eye A ivili meet m 6 giving an image 
of the pomt 6 at mfimty Smee a is on the optic axis, a' wiU 
also be found on the optic axis, and as oi is at right angles to 
the optic axis, a 6' will also be at ngbt angles to the optic axis 
Imagme the emmetropic eye B placed m front of A so that 
their anterior foci, EE', and also their optic axes coincide 
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The virtual image a'b‘, of the object a6, serves as the object 
for which the eye B is adapted 
The ray b'Fd’ wJl after refeaction by B be parallel to the 
optic axis, and the ray b*N' passmg through the nodal pomt 
will be unrefracted These rays will meet m &" and here will 
be the image of b’, and smce a' is on the optic axis, so also will 
be a", a"b’' bemg at right angles to the optic axis, and the real 
mverted image of a'b', and, therefore, of ab. 

In the triangles oHb, a"N^b", 

aN = a"N' 

The angle at = that at E', 

and so o"6" = ab 

Thus the image upon the retina of the observer is the same 
size as the object upon the retma of the observed eye 
The use of the ophthalmoscope in emmetropia is comparable 
to the use of a simple magnifying glass m which the object is at 
the pnncipal focus of the lens 155) 

2 In Hypermetropia Bays emitted from the retma of a 
hypermetropic eye are divergent in direction, and, when 
prolonged backwards, meet m a pomt behmd the eye at a 
distance less than mhmty, givmg here an enlarged virtual 
image of the retma Tl]^ image, as ue have seen m the 
emmetropic eye, -will act as the object for an eye placed m 
front of such an hypermetropic eye 

Let A be a hypermetropic eye and a6 a small area on the 
retma, let XY be the optic axis and the pomt a he upon 
it (Fig 113) 



Fig 1 13 TIw Direct Slcthod in Hypermetropia 


Taking the pomt b draw two rajs, one bd parallel to the optic 
axis which will pass through F, and bN which will pass out of 
the eye divergent without undeigomg refraction These raj s 
prolonged behmd A will meet m b', givmg here an image of b 
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Since a IS on. the optic axis, o' will afeo be found here, and as ab 
la at right angles to the optic axis o'6' wiU also be at right angles 
to the optic axis, and will be the image of ab 
Imagine an emmetropic eye B placed in front of A so that 
their anterior principal foci, EF', and also their optic axes 
coincide 

The virtual image a'b' of the object ab serves as the object 
for the eye B IVe have seen that rays from 6' are divergent 
m direction 

The ray b'Fd' will, after retraction by B, be parallel to the 
optic axis, and the ray b'N' pasamg through the nodal pomt 
will be nnrefraeted These rays will meet m 6", and here will 
be the image of 6', and smee a' is on the optic axis, so also will 
be a”, a"6" bemg at right angles to the optic axis and the real 
inverted image of a'b', and, therefore, of o5 
Again the image a"&" is the same size as ab 
la the triangles dFc, d'F'c' 

cF sscF’ 

The angle at F = tliat at F\ and so 
dc as d’e', 

but ah ssdc ^ d'e' as a"h” 

• a’'b" =s ab 

The virtual image a'b' being distant from the eye B less than 
infinity, and the eye B being focussed only for parallel rays, 
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the image a"6" must, therefore, fall behmd the retina of B so 
that to form an image on the letma of B, it is necessaiy cither 
for B to accommodate for a’b', or for a convex lens to be placed 
between A and B of such focal lengtli, that its pnacipa] focus 
coincides witli a’b', and so render the rays from a'b' parallel 
Let B accommodate for a'b' the virtual imago ofai (Rg j If) 
As a result of accommodation, the refractive power of B is 
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increased, and, therefore, ita anterior principal focus F' will 
no longer coincide with J*, but will approach the eye B The 
ray 6' F will no longer pass through F', but will cut the optic 
axis remote liom this point The ray d’b" will no longer be 
parallel to the optic axis, but will be convergent as we pass 
from d' to 6", and as we have shown above 
d'c' =dc =ab 

smce a"6'* ja lees than d'c' 

a"b‘' 18 less than ab 

The image formed on the retina of B is, therefore, smaller 
than the object ab 
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With the observmg emmetropic eye at rest, the diveigent 
rays from the observed hypermetropic eye may be made 
parallel by placmg a smtable convex lens so that its optic 
centre coincides with the two antenor focal pomts of the 
eyes under consideration The use of a convex lens will be 
the only possible way to obtam a distmct view of the hyper- 
metropic fundus when the accommodative power of the 
observmg eye is insnScient to bnng the divergent rays to a 
focus 

The focal length of this lens will be such that its pnncipal 
focus comcides with a'6', the virtual image of oft This image 
a'b' now becomes, m relation to the lens PQ, an object placed 
so that the image formed by the lens will be at infinity, and thus 
the rays firom each pomt of a'b' will emerge from the lens m a 
parallel direction (Pig 115) (Cf Fig 112) 

Now c'd' = a' b" and cd =ab 
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Since c'd' ~ cd then a"6" = ab. 

We are thus able to produce upon the retina of the observing 
eye an image equal m size to the object on the retma of the 
observed eye 

This relation will only exist when the optic centre of the lens 
comcides with the anterior focus of the observed eye 

3 la Myopia. In myopia rays leave the eye in a convergent 
direction and will, if extended, form an image of the fundus 
of the eye at its punctum remotum or conjugate focus between 
the eye and infimty This image will be real and mverted 
Let A be a myopic eye and ab a small area on the retma , 
let XY be the optic axis and the pomt a he upon it {Fig 116) 
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Taking the pomt b, draw two rays, one bd parallel to the 
optic axis which, after refraction, will pass through F, the 
anterior focus, and another 6JV, which hemg a secondary axis 
will leave the eye convergent without undergomg refraction 
These rays prolonged m front of A will meet ui 6', the image 
of 6 As a IS on the optic axis it will be found here also after 
refraction, and as ab is at right angles to the optic axis a'6' 
will also bo at right angles, and so a'b' will be a real mverted 
image of ab 

Let B be an emmetropic eye placed m front of A so that 
their anterior prmcipal foci, FF', and also their optic axes 
comcide 

The real image a'b' of the object ab ser\cs as the virtual 
object for the eye B Ibe ray N’b' being a secondary optic 
axis ifiU pass through B unreftacted The ray F'd'b’ passing 
tlirougli tlie anterior principal focus of B, will on refraction by 
B liave a direction d b” parallel to the optic axis, cutting N'b' 
m b”, the imago of b' and therefore of 6 
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Since o 18 on the optic axis it will be found here also after 
refraction, and since a6 is at right angles to the optic axis, the 
image of ab will be at a"b" Tins image formed m front of 
the retma of B will be the same size as ah, as has been shown 
in considermg the formation of images m emmetropia and 
hypermetropia 

The eye B cannot by any means focus the image a"b" upon 
its retma, and hence it is necessary to place a concave lens at F 
between the eyes of A and B, of such a strength as to render 
parallel the convergent rays from A This lens v. ill have its 
principal focus comcident with o'6', and by its action will cause 
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an image a"b" to fall on the retma of B, which wiU he equal 
m size to the object ab, as has been shotrn to be the case m 
hypermetropia corrected by a lens (Fig 117) 

'V^agniScation of the Image in the Direct Method The 
image of the portion of the retina observed by the direct method 
is magnified, and the magnification is the proportion that the 
size of this image as seen by the observing eye beam to the size 
of the object 

When using a convex lens as a magmfymg glass, the greatest 
magnification that can be obtamed is when the object is placed 
at the prmcipal focus , as a result, the rays, after passing 
through the lens are parallel m direction, and when received 
by the eye are projected backwards through the lens to a point 
behmd it at the minimal distance of distmct vision When 
viewmg the fundus of an emmetropic eye the conditions are 
similar, as the rays leave the eye m a parallel direction, and thus 
come to a focus upon the retma of the observmg emmetropic 
eye, and are then projected behmd the observed eye to the 
minima] distance of distmct vision (See p 90 ) 
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This distance is necessarily arbitrary, but since the distance 

at -which -we hold objects near at hand is about 25 cm , this is, 

therefore, taken as the minimal distance 
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In this figure a"6" is the image formed on the rctma of an 
emmetropic eye by the area a6 on the retina of the observed 
emmetropic eye Tlie image and object we have shown to bo 
equal The eye B projects the object ab to the position a'b' 
at a distance of 25 cm in front of its own nodal pomt N\ 
Draw the secondary axis b“N'b* 

We have thus two triangles, 

af'N’b" and a'N'b', 

which are similar, the angles at N' being equal, the sides tt"6" 
and a'b' being parallel 

. . a'b' a"b” a'N ' . a"N' 

a'b" 250 

= 16 5 

In emmetropn, E, the posterior focus of the eye is on the 
retina In hypennetropia, H, the retma is situated m front 
of the prmcipal focus For this to happen it may be that the 
axis of the eye is too short (H A ), it may be that the refraetmg 
power IS too weak*, and as a Ksait tbo £}cai distance too great 
(HR) In general, and always m the high degrees, hyper- 
mctropia is axial m origm. 

jMyopia, where the retina is bchmd the posterior focus, may 
equally be of axial ongm (M A } or duo to excess of refracting 
power (ME) In general, and e<»pecially in high degrees, it is 
due to lengthening of the axis. 
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The magnification of the ophthalmoscopic image m H R and 
M R will be studied m the chapter on astigmatism (see further 
on) where it has a great practical importance Here ^ye will 
consider the magnification m H A and LI A as compared uith 
that m emmetropia We set out with the h 3 ^othesis that 
the refractive power is the same in E , H and M, that the 
length only of the antero postenor axis of the eye varies 
The optic centre of 0 will always be farther from P than 
P, the anterior focus of P In this case, the angle under 
which an object on the fundus of the eye P is seen will appear 
greater when the fundus is situated behmd the postenor focus 
ofP (Pig 119) 



Let oh be a part of the fundus of the eye of equal extent 
in the short eye (H), the mean eye (E), and the long e>e (M) 
The ray be parallel to the optic axis lyill pass, after refraction 
at its exit from the eye, through P, the antenor principal focus 
of P The image of b formed by the refractive media vtII be 
found m the three cases on the hne cF or on its prolongation 
backwards (the pomt where the image is formed is determined 
by the mteraection of the Ime cF with the secondary optic axis 
N6) m LI at bm, m E at oo, m H at LA The image a is found 
on the prmcipal optic axis oN, respectively at am, oo and at a7i 
If we draw the lines brnS', LeN'^ and LAN' (the hne LeN' being 
considered as commg in emmetropia from a pomt Lc situated at 
infini ty, and bemg therefore paraCel to cF), we then hai-e the 
respective angles under which 0 sees the object m the three 
states of refraction The figure shows that the angle is greatest 
m M ( / oN'^m), least m H ( Z«N')3A), and of mtermediate size m 
E (ZoN'^c) One sees agam that m LI this angle mcreases or 
diminishes as 0 is drawn away from or approaches nearer to P 


MAGNIFICATION IN DIRECT METHOD 157 


It IS the opposite in H In E the size of the angle remains the 
same whatever be the distance of 0 
If 0 approaches sufficiently near to P so tliat its anterior focus 
comcides with F, ab uiU be seen under tlie same angle m the 
three cases The magnification, then xriU be the same whether 
it be SI, E, or H If the anterior focus of O were able to be 
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placed nearer to P than F, then the angle under which ab is 
seen would be greatest m H and least in M 
If one place before P the glass which corrects the ametropia 
of this eye, the value of the magnification will be mfluenced 
If the glass be placed m such a way that its optic centre comcides 
with the atitenor principal focus of P, the magnification will be 
then the same in M, E, H, and further, it will be independent of 
the distance of 0 (Fig 120 ) 

Let L be the correcting lens of P The rays commg from 
b will then be m the three cases parallel to the ray cF after their 
passage through L (fox further simphcity m the figure, of rays 
commg from b, only one is shown) , N’;B is drawn parallel to cF, 
also ^ IS m the three cases the image of b on the retma 
In reality, while the correctmg gl^s, when it is placed behmd 
the mirror, will always be a little farther from P than F, the 
magnification will be the greatest m M and the least m H 
(See below ) 

Ophthalmoscopic Field of Vision This la the extent of the 
f undus of the observed e y e that can be seen at one mo ment, 
and IS t b^ccumulation ofthe various pomts on the retma that 
n iay be seen simultaneously. In measuring the field advantage 
13 taken of a method commonly used m geometnc optics, 
namely, the revcTSihiUty of taya * 
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Now, only those rays from the illuminated part of the observed 
retina winch pass through the pupil of the observer can reach 
the retma of the observer , consequently, if ^ve can find tlie area 
on the retma of the observed eye covered by the image of the 
pupil of the observer, we are able to delimit the ophthalmoscopic 
field of vjBion 



Let A be the observed eye representing hypermetropia, 
emmetropia and myopia, and B the eye of the observer 
Then a'b' will be the image of the pupil ab This image may 
be obtamed by the use of two rays, parallel to the optio asis, 
from each border of the pupil and, therefore, meeting at the 
retma E that is the prmcipal focus of the emmetropic eye, 
and two other rays which, passmg through the nodal pomt of^, 
will be unrefracted By drawmg the hnes b'd and o'd' and 
extendmg them to a and b, it will be seen that the field of 
vision 18 greatest in hypermetropia, least m myopia, and 
intermediate m emmetropia 

The size of the image a'b' will be the same as that of the 
object ab when the two anterior foci FF' of the observed and 
observer’s eye comcide that is, when ab is distant from A by 
twice the focal distance of A, as has been seen in considenng 
the images formed by a bi convex lens If the distance of ab 
from A be more than twice the focal distance of A (t e , more 
tbm SO rami, then the unage a'b' will be correspondingly 
reduced m size 

The size of the ophthalmoscopic field depends upon 
y 1 T he size o f the pupil of the observed eye, hence the 
advantage ^rdlTating the pupil with a mydriatic 

nf t.hft pnpirot tne" observer’s eye, or the hole m 
the fiphtT?fltnTr>?H»opffr mirror, Wluc1iever~Bb the smaller 
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3 The axial length of the observed eye 

4 The distance betw een the obser ved and the observ er’s eye 
The^ieldTiflUumihatioh in ophthalmoscopy two types of 

mirror are used, the plane and the concave of short focal 
length 

1 The Plane M%rror The hght is placed near to the side of 



the observed eye and will form an image m the mirror as far 
behmd the mirror as the hght itself is in front SVom this 
image the rays v, ill appear to diverge, and this image is, there 
fore, called the immediate source of hght, the term original 
source of light bemg reserved for the hght itself (Fig 122) 



The image of L' will tend to be formed in the neighbourhood 
of SI, the fundus of the myopic eye, and will actually be formed 
hero \\Iven 31 la the conjugate focus of U When this occurs, 
then the light on 31 ivill be a pomt of hght The field of 
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illumination is, therefore, greatest in hypermetropia, least m 
myopia, and intermediate m emmetropia 
If, however, we withdraw the^uxor iix>m the observed eje, 
then the rays which it reflects will tend to become more and 
more parallel, in which case both the hypermetropic and 
myopic fundi will receive rays m the form of a circle of diffusion, 
whereas the emmetropic fundus will be illummated by a pomt 
of light 

2 The Concave Mtrror The hght is placed near to the 
observed eye, and a concave mirror is used, of about 20 cm 
focal length (Fig 123) 

If the lamp comcided with the prmcipal focus of the mirror, 
then the rays reflected would enter the eye m a parallel 
direction, and would then be focussed to a pomt on the retma 
of the emmetropic eye, the fundus in hypermetropia and myopia 
bemg illuminated by circles of diffusion 
The hght, however, is always further removed from the 
mirror, and, consequently, the rays of hght reflected into the 
eye are convergent m direction, and will, by the further 
refractive power of the observed eye, be made more convergent 
so as to come to a focus m the vitreous It will thus be seen 
that the field of illumination is greatest m myopia, least in 
hypermetropia, mtermediate in emmetropia 
If the light were nearer to the mirror than 20 cm , then the 
reflected hght would be divergent m direction, and the result 
would be that of a plane mirror, so far as concerns the field of 
lUummation The same would be the case if the mirror were 
withdrawn to such a distance that the reflected beam came to a 
focus between it and the observed eye, and only entered the 
eye after divergmg again from this pomt 
The Comparative Sizes of the Field of Illurmnahon and the 
Field of Vision In the dtxcct method, the field of vision is 
always smaller than the field of lUummation, because the sue 
of the immediate source of light, which largely determines the 
size of the area of retina illuminated, is always greater than the 
size of the pupil of the observer’s eye, which determmes the 
area of the field of vision 

The Use of the Ophthalmoscope m the Direct MethiMl 
Ophthalmoscopy is earned out in a perfectly darkened room, 
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for two important reasons in the dark the niipila dilate and 
the accommoda tion, is relaxed, and the illummation of the 
inte nor of the eye appears ver^much more bright, owing to 
contrast with the snrrnun dmp ; ftkrkness . 

The source of hght must be even in illumination throughout, 
it must be sharply dehmited, with a high specific mtensity and 
a sharp image of the course of light must be procured There 
are few sources of homogeneous hght, and most, from the 
point of view of ophthalmology, are either not dependable, such 
as sunshme, or unwieldly, as an arc lamp 

The mtroduction of the slit lamp gave us a handy source of 
homogeneous hght, and the lamp designed by GuUstrand, 
whereby the image of the glowmg tungsten ball of a ‘po\nU>hl& 
lamp IS focussed mto a circular diaphragm, is the beat source 
that can be easily arranged 

Purtbcr, a diaphragm lamp affords a means of suppressmg 
the corneal reflex and enabling ophthalmoscopic esammation 
of the central parts of the fundus without any decentration of 
the hole of the mirror m respect to the axis of the examined 
eye I n tbe liyht refleo *-^'^ tty trum-'y t he hole acta as a n 
o piniie body and throws a shadow If the source of hght is 
sufficiently small, a iuU shadoiv bf considerable extent can 
be obtamed, and to suppress the corneal reflex it is sufficient 
that the centre of curvature of the cornea is situated withm 
the full shadow Thus, if a diaphragm lamp is used as the 
source of hght for ophthalmoscoj^ by the direct method, the 
comeal reflex can be extinguished by an adeq.uate movement 
of the mirror The observer sees a hght spot on the fundus 
and the corneal reflex If care is taken that his own nose does 
not throw any shadow on the mirror, he need only move the 
mirror ^ that the spot on the fundus is centred on the comeal 
reflex to see the latter vanish Lookmg through the centr al 
parts of the refractmg surface of the e>e he then seeamoro 
details m the ma^la than he can see 'aith the ordinary method 
He can also perform tiic examiUlltloi]i'\>jinout dilatation ot the 
pupil m cases 'where nothmg is seen of the macula with the 
ordinary method To obtam a field of reasonable extent the 
m irror should b e concaver'wit h a rather shon radius oTc Urva- 
ture and a narrow hole 
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Well designed electnc ophthalmoscopes are made with some 
modification of the sht lamp m the handle, so that an image 
of the lUummated sht or laj^ip is focussed upon the mirror 
adjacent to the hole in the mirror so as to avoid flare m the 
mirror hole and produce the smallest reflex upon the cornea, 
which 13 so often disturhing when exa minin g the macula 

It 18 impor tant that the observer shouM become used t o one 
f orm oFilliunmation. s mcewith frequent alterations the memoiy 
becomes confused as to the appearance of the colour of various 
conditions of the fimdus, more especially of the optic *neiTe 
head 

The opbthahn oscone must have a mag azme of lenses It 
sho uld have four mirrprg, two ^ane and two con cave"* They 
are iisuaUy arranged m pairs, the small plane ami concave bemg 
back to back, and the large plane and concave sim ilarly 
arrange d 

The small mirrors are mounted on a turntable mclmed at an 
angle of 45* with the plane ofthgophtbalmoscone. the conca ve 
mirror having a focal length of 20 cm They are pierced m the 
middle by a hole ot 2 mm diameter 

The large mirrors are mounted m the plane of the ophthalmo 
scope, the concave mirror havmg a focjil length qf 25 cm , and 
both being pierced in the middle by a 4 mm hole 

The hgbt is placed by the side of the head of the patient on a 
level with the top of the ear , the small ophthalmoscope mirror 
IS mclmed towards the light and also a httle upwards , the 
observer seats hims elf by the side of the patient so that the 
thighs of both are parallel, and w ith chairs of such a height that 
the eye of the observer is a little above the level of that of the 
patient 

The right eye is used to examine the right eye of the patient, 
the left for the left 

A defisiite method BVWBt be follovied in. all ophthalmoscopic 
exanimations, and good habits m this regard cultivated 
®^rly 

The cornea, anterior chamber and superficial parts of t he 
lens miist. hp. exa mine d With the lar ge concave muror at about 
3j~cm~'3Efance The fundus^ next ex ammed by ttie m * 
dweet method of ophthalmoscopy, this method beanhg^he 
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same relation to the direct method as does the lower power of 
the microscope to the higher 

W hen usmg the direct method a high power convex le ns is 
t urned UP behind the sight hole, the ophtfiilmoscope i s held 
vertically and as near the anterior principal foci of the patient’s 
and observer’s ejes as possible , this is a matter of importance 
if the lenses m the ophthalmoscope are to be used to estimate 
the error of refraction m the patient’s eje The high power 
lens (-f- 12J wiU hring mto focus the anterior part of the crj stal 
hne lens, and by gradually decreasing its power and bringmg 
up other lenses the whole of the various parts of the media of 
the eye can be exammed under magnification until the level 
of the retma is reached , 

The lens and vitreous are best exammed with the plane 
mirror, and opacities, more especially of the vitreous, may be 
seen 'with the plane muror when nothing is seen if a concave 
mirror is used We see opacities m tho vitreous mamly by the 
shadows they cast by mtercepting a portion of the ra> s reflected 
by the fundus As these opacities are not completely opaque 
they allow a considerable part of the hght to pass when the 
retina is brilhantly iHuminated, and it is rarely that vitreous 
opacities are seen by the hght they reflect 
The explanation of w hy the piano mirror reveals fine vitreous 
opacities which are invisible with a concave mirror is not merely 
that the hght reflected by the concave mirror is too bright, since 
even if we reduce the brightness of the onguial source of hght 
we still find that the piano muror is more suitable,- The real 
explanation is that the plane mirror illuminates a smaller 
area of tho fundus, as may bo seen hy companng Figs 121 and 
122 This small area of lUumination on the fundus is the source 
of hght when wo observe the shadows cast by tho opacities in 
the "Vitreous, and v\e mdy see, by referrmg to Figs 1, 2, and 3, 
that the atnallec the source of light u^<i> the more CQuapicuoua 
tho shadow 

\Vhen tho fundus is bemg exammed tho patient should hold 
ins head erect and fixed m position, and a regular order of 
observation should be followed 

The patient should bo asked to look straight forward mto 
the distance, and tho optic disc and largo bloodvessels exammed 

*— 1 
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With the patient looking into the sight-hole of the mirror the 
macula should be examined Pmally, tie patient should be 
asked to move the eye m vanous directions whilst the peripheral 
portions of the fundus are exammed 
If the pupil be not dilated with a mydriatic it may be difficult 
to examine the macula, owmg to the immediate contraction of 
the pupil, and also the confusmg reflexes from the cornea and 
crystalline lens It is, therefore, better, after havmg exammed 
the outer edge of the optic disc, for the observer to mchne the 
face towards the lamp and so look obliquely through the 
patient’s pupil towards the macula, which is about tno disc 
diameters on the temporal side of the papilla 
Every dioptric system has this property, that the product of 
the distance of the object from one prmcipal focus and the 
distance of the image of this object from the other principal 
focus is equal to the product of the two focal distances of the 
system (Fig 124) 

IT = F'F", 

which is Newton’s formula (See p 52 ) 

In the eye F' represents the anterior focal distance and F" 
the posterior focal distance, I" the distance between an object 
situated in the vitreous (?) and the posterior prmcipal focus 
(/")» the distance between g' (the image of g), and the antenor 
prmcipal focus f 

F'F" 

Now I == — -p— 

F' — IC mm 

E” = 20 mm (m Donders’ reduced eye) 

300 

Then I ~ 

Let O be an emmetropic eye, or one rendered so by a saitabh 
lens Then the strongest convex lens placed at /' winch gives 
a sharp image of g will have f g' for its focal length This foc^ 
distance = V If we divide 300 by this focal distance expressed 
in millimetres we shall obtwn I" m millimetres 

If P IS emmetropic, I" represents the distance of the object 
&om the fundus of the eye If P is myopic or hypermetropic, 
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the fundus will be found respectively either behmd or m front 
of the posterior principal focus The distance of tins from the 
fundus of the eye will have to be added to I" (or deducted) to 
find the distance of the fundus from the object in the vitreous 



Three dioptres of myopia or hypermetropia represents a 
distance of 1 mm between the fundus of the ej e and / ' 

Thus jWith a -b 10 lens placed before P at the anterior focus 
of P, a point lu the vitreous of P is seen sharply The focal 

distanceofa+ 10 lens is 100 mm , therefore, 1' 3 mm. 

This IS the distance between the fundus and tlie point in the 
vitreous when P is emmetropic 
We may judge whether one point of the fundus is situated 
in front of another by making slight movements of the head 
with the ophthalmoscope we sbail find that a nearer point 
moves in the direction of our movement, %yherea3 a point further 
removed will appear to move m the opposite direction This is 
known as parallactic displacement 

The Use of the Direct Method m Measuring Errors of 
Refraction So far, in considermg the direct method, we have 
supposed the exammmg eye to b© emmetropic and the exammed 
eye either emmetropic or rendered so by the use of a suitable 
lens 

If the exammed eye be hypermetropic, with its punctum 
remotum at some point behmd it, and the examining eye 
myopic to such a degree that its punctum remotum comcido 
with the punctum remotum of the exammed hyiiermetropic 
eye, then the exammmg eyo can receive a sharp and clear 
imago of the details of the exammed eye without the inter- 
position of any glass or the use of the accommodation 
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The same \vill occur when the position is exactly reversed, 
that IS, when the examined eye is myopic and the examining 
eye is hypermetropic of such an amount that both puiicta 
remota coincide 

It does not follow that the virtual unage formed by an 
observed hypermetropic eye of 4 D will coincide with the image 
formed by an observing myopic eye of 4 D, or vice, versa The 
image formed by a hypennetropic eye of 4 D is 25 cm behind 
its prmcipal pomt If a myopic eye be placed m front of such 
an eye so that the two anterior principal foci comcide, the 
distance of its punctum remotum, so as to comcide with that of 
the hypermetropic eye, must be 25 cm plus the distance between 
the two eyes, namely 30 mm , the sum of the anterior focal 
distances of the two eyes The amount of myopia must, 
therefore, be about 3 5 D 

Agam, if we take a myopic eye of 4 D and place in front of it 
a hypermetropic eye so that the two anterior principal foci 
comcide, then, m order that the puncta remota may comcide, 
this hypermetropic must have its punctum remotum at a 
distance of 25 cm less the distance between the two eyes, 
namely, the sum of their anterior focal distances , that is, its 
punctum remotum must be at 22 cm , which means a hyper 
metropia of about 4 6 D 

A further error arises, smce the anterior foci of the two eyes 
never coincide and they are, therefore, an unknown distance 
apart, as it is impossible to bring the two eyes so close together 

Now, theoretically, we should be able to measure ametropia 
by the use of lenses m the sight hole of the ophthalmoscope 
when the anterior foci of the two eyes and the optical centre of 
the lens comcide If, however, we concluded that the number 
on the lens measured the ametropia we should commit an error, 
since for this to be the case it would be necessary for the lens 
to be m contact with the cornea of the 6\ammed eye, and for 
the prmcipal focus of the lens and the punctum remotum of the 
eye to comcide 

Thus, m myopia, the coirectmg lens 1 ^ nearer the punctum 
remotum of the eye than the eye itself, and hence has a focal 
length that is too short by the distance between the eye and the 
optic centre of the lens Hence the reading is alw ays too high 
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In hypermetropia, on the other hand, the lens la farther from 
the punctum remotum of the eye than the eye itself, and hence 
the readmg la always too iow 

Apart from this, for readings to beof value the accommodation 
of both the observed eye and that of tiie observer must be 
relaxed, and any deviation from this not only causes an error 
in the readmg of the lens that should correspond with the error 
of refraction, but should either eye accommodate, the anterior 
principal foci are furtlier separated and a still greater error is 
mtroduced 

An astigmatic eye, the common example of curvature 
ametropia, has tM o anterior foci, and, consequently, is unable 
to see sharply any object in tlie extcnor world The image of a 
point formed upon the fundus uiU never be a point, but cither 
a Ime or a cncle of diffusion For tbui_reasort a point upon 
the fundua of an astigmatic eye cannot be see n sharp ly by 
o phthalmoscope examination, unless a cyiinaricai m an 
ap propriate mcndian can be mt^^ed between the observer 
a nd the obsMved As bos been pointed out, the prmcipal 
meridians m astigmatism are at nght angles one to the other, 

£ind are usually placed so that the mendiau of less refraction 

is horizontal and the other vertical 
Take an astigmatic ©je, emmetropic in the horizontal 

meridian myopic’ in the >^tical. aiitTlet the observer be 

emmetropic The r avs leaving the obspi-ynd pyp^ m the 
horizontal meridian are paraJJel, and, consequently, will come 
to a focus upon the fundus of the observer The rays leavmg tlie 
eye m the vertical meridian are convergent, and so will have 
come to a focus before the fundus of the observer is reached 
The result will be that each point on the fundus of the observed 
eye will be focussed upon the fundus of the observer qs a vertical 
Ime, and so the obs erver will be able to see sharply all pa rts of 
t he object on the fundus of tho ohsened oyo m the rerfical 
mendian, whereas all parts more faonzonta] a ill appear di ffuse 
If now a concave spherical lens bo placed m tbe sight hole 
of the o phtliatihoscope until the hoiizontatlneridian is render ed 
emmetropic, then pomta on an object on the fimdus of tho 

observed c> e will be sharply iocussed in the horizontal meridian. 

those m the verticai being nW mdistm^ 
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In the application the direct method of ophthalmoscopy to 
the correction of refractive errors a search must be made as near 
to the macula as possible for small branches of blood vessels 
that run in the prmcipal meridians of the astigmatic eye These 
are successively brought to a sharp focus by a suitable sphencai 
lens, and so the refraction m the two meridians is estimated. 
The correctmg lens is the strong^t convex, or the weakest 
concave with which the vessel in each meridian is seen 
sharply 



Fig 12iS To show (hat m aadematism the Fusdus in the tvo 
Pnncjpal ilertdianaiseeen un^r Different Angles end, therefore. 
Different MagnidcatioQ 

In astigmatism the magnification of objects upon the fundus, 
as seen by the observer, is different on the two meridums of 
greatest and least refraction Owing to the fact that there are 
two anterior foci m curvature ametropia, the visual angle 
under which the observer will see the details of the fundus of 


.-'M 



Fio 12S To eiiow that the magnification of the iundua vanes 
with the condition of refraction of the' e>e, when the correcting 
Jens IS held in advance of the anterior pnncipal focus of Uiaejc 


the observed eye will vary in different mendians Parallel raj s 
leavmg the fundus in the meridian of greater refraction will 
pass through the anterior focus F, and those leaving the fundus 
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m the meridian of less refra(Sioa will pass through F' at a 
greater distance from the eye than F Consequently the 
observing eye iviU see the rays passmg through F under a 
greater angle than those passing through F' Therefore, in 
curvature ametropia the magnification ivill be greatest in the 
meridian of greatest refraction and least in that of least 
refraction, so that u e may compare the effect to that produced 
by lookmg at an object through a magnifymg glass more 
powerful m one meridian than another The result is that m 
regular astigmatism with the rule, J:he optic nprvR h pad 
appears elon gated and oval m ou tbnP L - i vitb - t . b ft-ttm^nr axis 
m t Bs^eridian of greatest refractio n 

in axial ametropia, if the correcting lens is placed so that its 
optic centre comcides with the anterior principal focus of the 
eye, there will be no alteration of the visual angle under which 
the observer views the details of tlie fundus of the observed 
eye Now it is very difficult almost impossible to brmg 
the correctmg lens to the anterior focus of the eye under 
exammation and m almost all cases the lens is more or less 
farther distant from the eye The result will be that the 
concave glass winch corrects the myopia will cause the rajs 
to diacrgo more than m emmetropia and the convex lens 
which corrects the hypermetropia will cause the rajs to 
diverge less thus the visual angle m such circumstances is 
greatest in myopia least in hypermetropia as compared with 
the condition of emmetropia The magnification will, tliere 
fore, usually be greatest in myopia intermediate m emmetropia, 
and least m hypermetropia 

In very high degrees of myopia considerable difficulty is 
experienced m direct examuiation, owing to the impossibility 
of placing the correctmg lens at the anterior prmcipal focus of 
the eje Ihe result is that a much higher conca\o lens than 
that which will correct the myopia must be used to overcome 
the excessive convergence of the rays as they leave the eye, and 
also an enormous magnification (Fig 127) 

The diagram wiU show that the condition produced is that 
of a Galilean telescope, the dioptric apparatus of the eye 
coixespondmg to the objective, and the ophthalmoscope glass 
to the eyepiece The rays conxeigmg to the virtual image of 
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the fundus of the eye under examination are rendered approxi* 
mately parallel, and so the visual angle under uhich they are 
seen is much mcreased, the observer projectmg the rajs to his 
minimal pomt of distmct vision 



Fig 127 Path of Bays m a Galilean Telescope 


reduction of the visual angle under Tvhich the details of the 
fundus are seen The condition produced is that of viewing an 
object through the wrong end of a Galilean telescope, the eje- 
piece representmg the dioptric apparatus of the eje under 
exammation and the lens m the ophthalmoscope the objective 


The Indirect SIethod, ob Examination of the 
Inverted Luaoe of the Fundus 
If the fundus of a myopic eye be lUummated, rajs of hgbt 
will emerge iirom the eye so that an mverted real image of the 
fundus will be formed m iront of the eye, and if this image be 
m a suitable situation the observer will be able to focus this 
image upon his retma by an effort of accommodation 
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In tlie case of an emmetropic or hypermetropic eye it is 
possible to render such an eye artificially myopic by placing in 
front of it a convex lens of suitable strength, and m this way 
cause an inverted and real image of the fundus to be formed in 
front of the eye 



Flo 128 The position of tbo Inverted image of the Fxmdua m 
Hypennetropia Myopia and Emmetrapia 


This image if formed at a suitable place, will bo focussed 
upon the retma of tlio observer if he accommodate The effect 
of tlie convex lens will be to form an imago of the fundus of an 
emmetropio eye at the prmcipal focus of the lei^ , m tho ca^-o 
of the hypermetropic eye it will be farther from the lens than 
its principal focus and in the case of the myopic eye at a 
distance less than its principal focus 

In Emmetiopia So as to simplify the diagram, let tho lens 
PQ be placed m front of the eye so that its prmcipal focus 
comcides with the nodal pomt of tho ejo, and let their optic 
axes coincide 





Q 
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SO there will be formed behmd the eye an image a'b' at in6njty, 
which IS the virtual image of ab 
This image wiU be the object so far as the lens PQ JS 
concerned 

The ray b'N, passmg tlirough J’.theprmcipalfocus of tholens 
PQ, will, after refraction be parallel to the avis of the lens In 
its course the image of b' will be found 

The ray b 0, parallel to 6iV, undeigoes no refraction by 
as it passes through the optic centre 0 Along it also will be 
found the image of b The image is therefore at b” 

Draw a"b" at nght angles to the optic a\is, and smce 
a'b' IS also at right angles to the optic axis, will be the 
image of a'b' and, therefore, of ab, formed at the principal focus 
of the lens PQ . 

In Hypermetropia As explained when considering tnc 
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direct method of ophthalmoscopy, rays emitted from a hyper 
metropio eye are divergent in direction, in such a way that 
the object ab on the retma of the eye A gives rise to a virtual 
erect image at a'b‘ at a pomt behmd theeye between its prmcipal 
focus and infimty This image a,'b‘ will be the object from w inch 
rays proceed when, considenng the image of ah formed by the 
lens PQ, which is placed in relation to A as when considermg 
emmetropia 

Choosmg similar rays b'N and 6 <9 as above, an image will be 
formed at a“b'’ farther from the leus than its pnncipal focus 

In Myopia. Let A be a myopic eye and ab a portion of the 
fundus Ray s leaving A are convergent m direction so that the 
object ab on its retma gives rise to a real inverted mage at 
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a'b' This image will be the nrtual object for the lens PQ 
placed between it and tbo ey e Choosmg the same rays as m 
the two previous cases, Ob' passing through the optic centre 
of the lens PQ will be unrefracted, and Hb' passing through F, 
the prmcipal focus of the lens, will take a course parallel 
to the optic axis The pomt of intersection of these rays 
b", will bo the image of b on the retma of A, and a' b" at right 
angles to the axis will be the imago of a'b', and therefore of ab 
formed at a pomt betw een the lens PQ and its prmcipal focus F' 
The MagmflcaUon of the Inverted Image The image 
formed m mdirect ophthalmoscopy is larger than the object, 
t c , that portion of the retina giving rise to the imago , and this 
enlargement is the proportion that the object ab bears to the 
imago a"b" 
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The Magnification = ^-4- 
ab 


The triangles aNb, a" 

Ob", are similar, t 

lie side o6 is parallel 

0 a'^ 
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to the side a"b", and the side bF is parallel to the side 06", and, 
consequently 

o"6"- ~ o"0 

a6 “■ aN 

and thus M =» 

aN 

This equation will vary with the dioptric value of the lens 
held between the two eyes * 

We know the value of aN m the reduced eye, t e , 15 mm , 
and if we know the dioptric value of the lens we know also tiie 
value of a''0, because it is equal to the focal length of the lens 
The strength of the lens commonly used is 13 D, and it has, 
therefore, a focal length of 75 mm , and so m this case the 
magnification is 



If, however, w e use a lens of less dioptric value, the magmfica 
tion will be greater, but m such a case the image is projected 
to a point so near to the observer’s eye that he is unable to 
accommodate for it 

When the lens is held so that its prmcipal focus comcides 
with the nodal pomt of the eye, it is easy to see that the 
magnification produced is influenced by the axial length of the 
eye 

In axial myopia, the line aN is mcrea&ed, and, consequently, 
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the value of the fraction is reduced, that is, the magnifica- 
tion IS less, "whereas in axial hypermetropia, the value of 
(l"0 

aN IS reduced, the fraction — 5 ^ is increased, and so also 


the magnification 

There is yet another factor w hich influences the magnification, 
and that is the position of the Iwis in relation to the anterior 
pnncipal focus of the eye under examination, but this alteration 
m magnification is only effected m eyes ivhose refraction is 
other than emmetropic 

In emniefropia the size of the mverted image does not vary 
with the position of the lens 

The rays proceedmg from an emmetropic eye are parallel m 
direction , consequently, wherever tlie lens may be placed, the 
rays are parallel, and ore always brought together at the 
pnncipal focus of the lens , the result is that the angle formed 
by the rays bN and aN at the nodal point of the eye is always 
equal to the angle a"Ob” formed at the optic centre of the lens , 
the result is that a''b” is a constant, and the relation m size 
between a"b" and ab is always the same 

(o) Wlun ih& principal /ocws of the lens coincides vntk iht 
anlenor pnncipal focus of the eye 

In this case the size of the image is the same m emmetropia, 
hypermetropia and myopia 

Taking any ray Mi parallel to the optic axis and projected 
from the retma MEH, it passes through the anterior focus of 


MEH i 

m' e' h' 

m 
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the eye, and also through the prmcipal focus of the lens , this 

ray, therefore, after refraction by the lens, is parallel to the 

optic axis of the lens If now we take a ray which passes 
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through the nodal point of the eye, in the case of emmetropu 
it leaves the eye parallel to the previous emergent ray, and so 
the image of the area on the fundus of the emmetropic eye is 
formed at the prmcipal focus of the lens (p 172) 

In hypermetropia the ray passmg through the nodal pomt 
leaves the eye in a direction divergent to that of the ray \F, 
and so the image of the area on the fimdus of the hypermetropic 
eye is formed at a pomt farther removed from the lens than 
its prmcipal focus 

In the myopic eye, the ray passmg through the nodal pomt 
leaves the eye convergent to the ray iF, and so the image of the 
area on the fundus of the myopic e>e is formed nearer to the 
lens than its principal focus As, however, the delimitmg ray 
IS parallel to the optic axis, the images m emmetropia, hyper 
metropia and myopia are of the same size 
(6) IF/ien (he pnnctpal focus of the hns is nearer to the eye 
than its anterior principal focus 



Fig 134 


The ray parallel to the optic axis still passes through tlie 
anterior focus of the eye, but since the anterior focus is nearer 
to the lens than its piulcipal focus the ray leaves the lens m a 
direction divergent to the optic axis If now we draw a second 
ray from tlie fundus of each eye through the nodal point N, 
we laiow that this is parallel m direction to the previous ray if 
the eye be emmetropic, and that an image is formed at the 
prmcipal focus of the lens, mid of constant size, whatever be 
the position of the lens m relation to the anterior focus of the 
eye 

In hypermetropia the second ray HN is divergent m direction 
to that of the ray if, and smce the image of is formed farther 
from the lens than its prmcipal focus, the image is increased 
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m size as compared \\ith the constant size of the image in 
emmetropia 

In myopia, owmg to the rays 1/ and ME bemg convergent, 
an image of the area of the retina is formed nearer to the lens 
than its principal focus, and, consequently, smaller in size 
than that formed in emmetropia, which is constant, and still 
smaller than the imago formed m hypermetropia 

(c) When the principal focus of the lens is farther from the eye 
than its anterior principal focus 


M EIH 
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Again the ray parallel to the optic axis of the eye passes 
tlirough the anterior prmcipal focus, but smee the distance of 
this pomt from the lens is greater than the focal length of the 
lens, after refraction, it converges towards the optic axis If 
second rays be drawm from the retinae MEH it is seen from our 
previous considerations that the images are formed at M'E'B', 
shovrmg that the image in myopia has the greatest magnifica- 
tion, that in hypermetropia the least, irhereas the size m 
emmetropia, bemg constant, takes on mtermediato position 
The practical result of these considerations is this, that if the 
position of the lens relative to the antirior prmcipal focus of the 
eye be varied, m emmetropia the size of the image on the retma 
will remain constant, but m hypermetropia the image will 
mcrease aa the lens is approximated to tlie eye, and decrease 
as the lens is withdhawa, whereas in, myopia the size of the 
image will decrease as the lens is moved nearer to the eye, and 
mcrcase as the lens is withdrawn 

Wo have, theoretically, a means of estimatmg an error of 
refraction, for by placuig a lens before the ej 0 so that on movmg 
the condensmg lens the size of tho image remains constant, 
we know tho lens that renders the eye emmetropic Tho 
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method has no practical application, smce m the low degrees 
of ametropia the variations in size of the image of the fundus 
on moving the condensmg lens are so small that they are not 
appreciated by the observer 

la Astigmatism Astigmatism is a curvature ametropia 
An eye the subject of astigmatism has, therefore tMO anterior 
focal points, the one corresponding to the meridian of greater 
curvature nearer to the eye tlian that correspondmg to the lesser 
curvature, and the lens cannot be held at the same moment at 
both anterior foci The result of this is that there is produced 
an unequal magnification of the fundus m the two principal 
meridians, and a round structure such as the optic disc lias an 
oval outlme, the lengthening of the oval takmg place m the 
myopic meridian when the lens is drawn from the eye and 
m the hypermetropic mendian when the lens approaches the 
eye 

The Field ot Illumination In the mdircct method the hgbt 
IS placed near to the eye to be exammed and the mirror is held 
at such a distance that the reflected beam comes to a focus at a 
short distance in front of it and diverges again before reachmg 
the eye The lens held betueen the mirror and the eye, 
however, renders these rays convergent, so that they meet 
the cornea as a convergent beam Then, being rendered 
still more convergent by th e refroctivo apparatus of th o-eye. 
t hey are brought to n. focus tn the vitreous, so that tKe fie ld of 
illum ina tion is greatest m myopia, least m hypermetropia, and 
iirtermediate m emmetropia (c/ Fig 123) 
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The Ophthalmoscopic Field of Vision In the indirect 
method the size of the pupd of P does not affect the size of the 
ophthalmoscopic field, provided it is larger than the imago of 
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the pupil of the eye 0, which is formed by the condensmg lens 
in the pupil of the observed eye As wiU be seen in the figure, 
the size of the area 6'c' on the retina of P will depend upon the 
size and power of the lens used, provided one places the lens 
m such a way that the image of the pupil of 0 coincides with 
the centre of the pupillary openmg of P 
The size of the condensmg lens is regulated by the spherical 
aberration seen with a lens of large diameter, so that in spite 
of the larger field obtamed by lenses of a greater size, a lens of 
inches m diameter is the laig^t that can be used with 
profit 

In the figure let the condensing lens AB be held so that its 
pnncipal focus comcxdes with the pupil of P and thus the point 
where c b\ the image of the pupil be, falls The lumts of the 
field of vision are cut off by the lines c c' and b'b' 



Fig 139 Field of Vision m Indirect Ophthalmoscopy 

The Comparative Sizes of the Field of Illumination and 
Field of Vision I n the indtre cl method the field of il lumination 
IS smaller than the ophthalmoscopic field, smcc. ^vith the 


apparatus usuall 


immediate source of L 
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The Method of Examination by the Indirect Method As in 
the direct method, the examination, must be earned out, if the 

best results are desired, m a room from wbipb nil rmfsiHa hght 

13 removed, that larSi a room in whicirthe only source of li ght 
is that to* be u sed in the examination It has the advantage 
that the illuminated portion of the retma is by contrast with 
the surroundmg darkness more clearly seen, and the examina- 
tion IS made more ea^ by the greater dilatation of the pupils 
of the patient and his relaxation of accommodation We use a 
concave mir ror with a focal leng th of 25 cm , the central hole 
of which has a diameter of 4 mm It is an advantage to be 
able to place m the sight hole lenses of different dioptric values, 
and most ophthalmoscopes with a battery of lenses are provided 
With a large concave mirror suitable for mdirect exammation 
The cpndensmg lens, which should be fairly large, but not of 
greater ^ameter than 7 cm has a di optric value of 13 D. and 
c onsequently Ita focai lenetTnis 75_cm This is the most 
useful strength although as has been explamed elsewhere, a lens 
of higher dioptric value is more useful when the exammed eye 
has adugh degree of hypermetropia, such as is seen in aphakia, 
■and one of lower dioptnc value m high degrees of myopia 
The source of hght, as m the direct method , should be s mall, 
homogeneo us andHiright, and when a dia phragm lamp is not 
used there is a great advantage in li^mg the source of hght 
surrounded by a housing inside of which is a hole 2 cm m 
diameter, guarded by an ins diaphragm The hght should 
be movable, both up and down and from side to side 
The source of ligh t may be placed above and behind the 
pa tipnfa bpad. nr more ronvementlv by t he side of the hea d on 
th e Bide of the eye to be examined and on a level with the ear 
If the hght has a casmg it may be placed m advance of the 
patient s face, which has the advantage that then the patient’s 
eye is m complete darkness 

The surgeon sits m front of the patient %vith the mirror, and 
with the bole in the shade of the light direct towards him 
As m the direct method, the sur^mn should bo able to uso 
either oyo equally well, and, as wo shall explain, uso his right 
eye when oxammmg the right eye of the patient, and so on 
The surgeon should so arrwge his position that his own eye 
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IS directly opposite the eye of the patient he wishes to examine — 
for instance, suppose it is desired to examme the right eye of 
the patient, the surgeon must sit so that his own nght eje is 
opposite that of the patient He then shines a hght with the 
mirror into the patient’s eye, the pupil of hich is inlmediatcly 
filled with a red glow , if now the condensmg lens be held in 
front of the eye details of the retina will be observed As the 
mverted image of the fundus is formed near the prmcipal focus 
of the lenSj^and this point be mconvemently near the 
s urgeon so that he has to use a great amount nf mn 

to see it, nr_iinfin?y retract hta hpad , some assistance %^'ill be 
ga med if a plus 2 D spherical lens be moved mto the si ght hole 
of the mirror It i\iU depend upon the direction of the visual 
axis of the patient u hat portion of his retina will come mto 
view, and the means whereby vanous portions may bo exammed 
will be explamed a httle later on 

There is one great diMculty that baulks all begmncrs, and is 
often of considerable annoyance to the expenenced practitioner, 
and that is the presence of three very bright images of the 
ophthalmoscopic mirror The antenor surface of the lens is a 
convex mirror m which will be formed a virtual image of the 
mirror situated behmd the lens , the postenor surface of the 
lens viewed from m front is a concave mirror, which will form a 
smaller real mverted image of the mirror m front of the lens 
The third image is that formed by reflexion m the antenor 
surface of the cornea, itself a convex mirror , this image is 
situated roughly 4 mm belund the cornea, and is virtual and 
erect 

The two troublesome reflexions m the lens can be easily^ 
avoided by tiltmg the condensmg lens One image bemg erect 
and virtual and the other mverted and real, they ^^nll move 
m opposite directions, and so m this way a clear space between 
the two can be found through which the fundus of the e^ e can 
be exammed unimpeded so far as the images m the lens are 
concerned No amomit of tiltmg of the lens iviU affect the 
comeal image, and the method of avoidmg this will be described 
m dealmg with the examination of the macula 

To examme any particular chosen part of the return it is 
necessary that the eye of the patient be moved m such a way 
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that this portion of the retina comes opposite the pupil, and so 
falls upon the visual axis of the observer If it is desired to 
examine the mtemal part of the retma the eye must look 
inwards , if the outer part, outwards , if the low er part, down- 
wards , and if the upper part, upwards — that is, the eye must 
he moved m the direction m which the portion of the retina to 
be exammed hes 

There are two portions of the fundus that merit special 
attention, and special manmuvres aro necessary to brmg them 
mto a suitable position for examination , these are the papilla 
and macula lutea 

Supposmg that the right eye is bemg examined and the 
exammer’s right eje is directly opposite it, the patient should 
bo requested to look mwards towards his nose, and it is 
found that a convement object of regard is the top of the 
observer’s right ear In this way the papilla inU he upon the 
observer’s visual axis With the patient s left eye immediately 
in. fiont of the surgeon's left- eye, the papilla will como mto view 
when the patient observes the sui^eon’s left ear 
To examme the macula it is necessary that the visual axes 
of the patient and observer should comcide, that is, that the 
patient should look to the middle point of the mirror This 
Will cause immediate and extreme contraction of the pupil, and 
this small pupil will be largely occupied by the bright image of 
the mirror found m the cornea The result is that no details 
of the macula are seen unless the pupil be dilated with some 
suitable mydriatic such as homatropme 
We have seen above how the images of the mirror formed ui 
^hc lens can be avoided, and also that no tilting of the lens has 
any effect upon that formed in the cornea Ifow the lens forms 
a real inverted image of the fundus near its principal focus on 
the side of the lens next to the observer, so that if the lens bo 
moved upwards, the image of the fundus moves m the same 
direction Keepmg the mirror fixed, tlio image m the cornea 
does not move, and m this way the image of a pomt on the 
fundus may be mo\ed to one side of the imago of the mirror 
m the cornea, and its obstructive quaUties overcome 
The image, bemg formed near the pnncipal focus of the lens, 
moves much more rapidly than the movement of the lens , and 
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it should be reinembered that as the image moves m the same 
direction as the lens, the point on the fundus which forms the 
object must necessarily move in the opposite direction If 
now the lens be kept steady, and the observer’s head be moved, 
then the image will be displaced in the opposite direction to 
that of the head, so that if the head move to the nght the image 
will be displaced to the left 
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These tuo manceuvres may be used to examme the macula, 
to avoid the direct Exation of tJie centre of the mirror by 
the patient and the consequent extreme contraction of the 
pupil 

Let the patient fix the top of the surgeon’s ear so as to bring 
the papilla opposite the pupil It must be remembered tliat 
the image of the macula is to the nasal side of that of the disc 
mthe indirect method, so that the head of the surgeon must be 
moved to the temporal side of the patient to obtam a view oj 
his macula 

This method of examuung the di&rent parts of the fundus is 
similar to that whereby we distmguish differences of level of 
the fundus The phenomenon is that of parallactic displace- 
If we have two points a and 6 ou different levels, as the 
condensing lens is moved the pomt nearer the observer will 
move at a greater rate than the one on a deeper level, and tlie 
images a' and b' will move to a" and b" 

However, an examination of the macula wutliout dilatation 
of the pupil IS very imperfect and xmsatisfactory 
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Prelinunary Exanunation at the Distance of One Metre 
This IS visually carried out with the large plane mirror and 
will give information mainly concerning the refraction of the 
eje This will be explamed fully m the section deahng with 
retijioscopy 

Owing to the divergence of the rays leaving the hyper- 
metroptc eye, no are able, by an effort of accommodation, to 
see some details of the fundus of such an eye, and smce these 
rays are projected to the punctum remotum of the eye, the 
image is erect and virtual , and will appear to move m the 
same direction as the observer s head 

In myopia fundus details may ako be seen, owmg to the 
formation of a real mverted image of the fimdus at the punctum 
remotum of the eye which bes between the eje of the patient 
and that of the observer For this pomt the observer 
accommodates and the image will appear to more m the 
opposite direction to that of the head of the observer 
In, emmeiropia, low hypermelropia and low myopia, the rays 
leavmg the eye are approximately parallel m direction, the 
result bemg that the observer is only able to obtain a clear 
image of a very small portion of the retmi, and that only when 
his accommodation is completely relaxed and so focussed for 
parallel rays 

Durmg exammation by this method the observer accommo 
dates for the reflex m the pupil of the observed , be is thus 
unable to brmg to a focus any but divergent rajs 

The Distant Direct Method at 33 cm Provided the 
observer is emmetropic, or rendered emmetropic by a smtablo 
, lens and able to accommodate for a distance of 33 cm , 
much useful information la obtamed by the use of the largo 
concave mirror at this distance The mam use of the 
method is 

(а) to study the iransparcncy of the refracltve media, and 

(б) to detect deiachmeni of the retina or some grow th or foreign 

body m the vitreous 

The Transparency of the Refractiie Jfedto Light is reflected 
mto the eye by the large concave mirror and the observer sees 
the pupil filled with a uniform red glow, but if there are any 
opacities in the transparent media they will appear as black 
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spots upon a red background All opacities, unless reiy gross 
(such as a large clot of blood m the vitreous), appear black 
because seen by the hght which they cut off as it is reflected 
from the fundus of the eye It may be that when hght is 
reflected into the eye the pupil appears quite black, as ^hen 
the lens is opaque or the vitreous full of blood 

"VVe are able not only to see opacities in the media, but also 
to diagnose m what medium they may be and at what depth 
moveable opacities must necessarily he m either the aqueous or 
vitreous, and by causmg the patient to move his eye m various 
directions we are able to see the opacities floatmg about If 
the opacity is m the aqueous, we diagnose its position bj focal 
lUummation, otherwise it must be m the vitreous, which is not 
of the usual viscous consistency but has become fluid by disease 
If the opacity is fixed, and does not move spontaneously, it 
is in either the cornea lens or vitreous, which in that case is 
healthy and of its usual consistency 
To determme the exact position of an opacity, make use 
of the parallactic displacement of the opacity m relation either 
to the margin of the pupil or, as we shall see later, to the corneal 
reflex 

Let the observer s eye be at A, and let there be four opaaties in 
the eye B along the optic axis the opacity 4 coinciding with the 
centre of rotation of the eye (Fig 141) The observer will see 


6 
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these four opacities as one mthecentreofthepupilofB These 
opacities, however are so arranged that 1 is m the cornea, 2 in 
the anterior capsule of the lens, and 3 m the posterior capsule 
If now the observer move downwards mto position A', or, what 
comes to the same thing the jiatient look upw ards, the positions 
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of the opacities relative to the edge of the pupil will be changed 
The opacity 2 will retain ita relation to the edge of the pupil 
unchanged, 1 will travel in a direction opposite to that of the 
observer’s eye towards the upper margin of the pupil, whereas 
3 and 4 will move doivnwardfi towards the lower margm of the 
pupil We thus see that ivith a small excursion of the eje, 
oo a cities in the plane of the pupil will appear to rem am 
s tationary , those m front of this plane will more in the s ame 
d irection as the eye whereas those behmd the plane of the ir is 
w ill appear to move m the oppoa ite direction the more rapidly 
the farther back in the eye the opacity may be^ 

The other point of reference m deeidmg the position of an 
opacity IS the comeal reflex, which is the image of the mirror of 
the ophthahnoscope Smce the radius of cm\ature of the 
cornea is 8 mm , the reflected image of the mirror formed m 
the cornea when used at 33 cm is approximately 4 mm behmd 
it, just behmd the anterior surface of the lens The centre of 
currature of the cornea is about 1 mm behind opacity 3 m the 
diagram, so that any opacity m the posterior part of tho lens 
IS always covered by the comeal reflex in any position of 
the eye 

O pacities m. front of the centre of curvature move m t he 
same direction with regard to the reflex, and opacities behmd 
it move in tne opposite duection io tne movement o f the 
eye 

DelacJiment o/ the Retina In detachment of the retina the 
colour of the reflex wiU be altered over the area of detachment, 
usually appearmg less red, or even grey Abo, owmg to the 
forward displacement of the retma, the eje has become hyper 
inetropic over this area, and we may be able to recognise 
mdividual blood vessels 

The Illumination of the Fundus If we take a bundle of 
parallel rajs reflected from a small area of a distant evenly 
illummated surface, all sections have the same intensity of 
illommation, and equal parts of different sections are equally 
lummous, because all sections are equal 

Taking a converging bundle of raj’s, tho sum of light is stdl 
tho same m all sections, but equal parts of different sections 
have a different intensity of lUuixunation, which vanes ma ersely 





188 THE OPHTHALMOSCOPE 

as the square of the distance fiem the summit of the cone of 
lummous rays — that is, the nearer the section to the summit 
the greater the intensity of lUummation 
The amount of light falling upon, the fundus depends, on the 
one hand, upon the lummosity of the source of light, and the 
completeness with which the mirror reflects the hght, and on 
the other upon the qumitity of hght that penetrates mto the 
eye, that is, upon the size of the pupil and the extent to which 
it IS occupied by the rays reflected by the mirror 

The cornea and anterior chamber act as a convex lens, 
consequently rays of hght are rendered more convergent, so 
that more lummous rays enter the pupil than if there were no 
anterior chamber, and one may imagme a pupd of greater 
diameter situated upon the antenor surface of the cornea 
If an emmetropic eye, with accommodation at rest, jeceives 
a bundle oi parallel rays, there will be a cone of luminous rays 
with the base at the pupil and the apex upon the retma This 
spot, the retmal image of the source, will have the same amount 
of hght falling upon it as the whole pupil surface Thus with a 
plane mirror reflecting the parallel rays from the sun, if its area 
be S, and the amount of light reflected he J, and the pupil 
surface p, the amount of light entermg the eye is to that 
reflected by the mirror aap S, and, therefore, the amount of 
hght (t) entermg the eye is 



In the case of a hypermetropic eye, a similar cone of lummous 
rays is formed, but as the retma is nearer to the cornea than the 
apex of the cone, there is produced a section of the cone the 
total brightness of which is equal to that of the pupil surface or 
of the apex of the cone, smce we have upon the retma the 
same quantity of hght, but spread over a greater surface 
than m emmetropia The mtensity of lUummation at any 
pomt upon this surface is, however, less than is the case m the 
emmetropic eye 

In myopta the result m the same The rays meet nearer to 
the cornea than the situation of the retma, consequently here 
13 formed a circle of diffusion as m hypermetropia 



THE ILLUMINATION OF THE FUNDUS 189 


When divergent rays fall upon an emmetropic eye, these 
rays are rendered less divergent, so that we have a cone of 
luminous rays in which the apex is in front of the eye, with 
one section at the pupil and another upon the retina 
The amount of light (i) entering the pupil will be 



where / is the amount of light at the source, p the pupil area, 
and d the distance of the source from the pupil The retina 
receives the same amount of hght as the pupil, hut each 
pomt of the retina is more or less bright than the surface p, 
according as the area of the retina lUummated is smaller or 
larger than p When divergent rays fall upon an emmeiropic 
eye they are rendered less divergent Rays commg from a 
pomt withm the autenor prmcipal focus will still he divergent, 
60 that ive have a cone of luminous rays in which the opex 
is m front of the eye, with one section at the pupil and 
a still larger section upon the retina If, however, the rays 
come from, a point beyond the anterior prmcipal focus, they 
will be rendered convergent, so tliat we have a cone of 
luminous rays inth its apex behind the eye and the base at 
the pupil 

If the eye be hypermetropic, the rays received by the retma 
are still less convergent than m emmetropia, consequently the 
rays that pass through the pupil are spread over a still greater 
retmal area, so that each jiomt on the retina is less illuminated 
than m emmetropia 

In myopia, if the dnergent rays proceed from the punctum 
remotum of the ejo, then tliey are brought to a focus 
upon the retina and there are two cones of lummous 
rays •\\ith a common base, the pupil, the apex of one cone 
xa the source of hght, the apex of the other, the image on 
the retina 

The amount of hght entering the pupil is still represented by 
the equation 
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and the retinal area illuminated is much smaller, but more 
brilliant than m the previous case 

From the above formula, and supposmg the source of light 
to comcide with the punctum remotum of the myopic eje, it 
follows that the image formed upon the retina will be the 
brighter the nearer the punctum remotum to the eye, that is, 
the higher the myopia 

If, however, the source of light is nearer to the myopic eye 
than its punctum remotum, the rays are no longer focussed 
upon the retma, so that we ha\e the same condition as m 
emmetropia 

In the same way, if the source of hght be beyond the punctum 
remotum of the mj opic eye, the raj s will have come to a focus 
m front of the retma, so that instead of an imago we have a 
circle of diffusion on the fundus, the total illummation of which 
IS equal to that of tlie pupil, while the intensity of illummstion 
will be mversely proportional to the size of the surface 
lUummated 

IVhen usmg a plane mirror the distance {D) of the immediate 
source of hght from the eye is equal to the distance of the hght 
from the mirroc ^2) plus the distance (d) of the mirror &om the 
eye 

D^l + d 

The nearer we brmg the minor to the eye, the brighter the 
image 

In the case of a concave mirror, D diminis hes mtli the 
distance of the light from the mirror, and inth the distance of 
the mirror from the eye, but mcreases as the focal length 
mcreases 

1 1 __ 1 

We use concave mirrors to cast convergent rays mto the eye, 
smce we are able to use rays of different divergence much more 
convemently with a plane mirror, as we have shown above 

Suppose M e use a concave mirror to project a cone of lummous 
rays 25 cm m height , only those rays which enter the pupil 
wdl fall upon the retma If now we hold the mirror very near 
to the eye, only a very few rays will enter the pup J, the majority 
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being scattered upon the face and elsewhere If we now Nvith' 
draw the mirror, the lummous mtensity of the part of the 
reflected cone of hght which engages the pupil becomes greater 
and the maximum is reached when the apex of the cone 
coincides with the pupil, that is, when the mirror is at a distance 
of 25 era from the eye Hence such a mirror gives tlie best 
illummation when used at this distance, and such a mirror is 
commonly used m the exammation of the eye by the mdirect 
method 

Mirrors of very short focal length are not useful, because of 
the great diffusion of their reflected images, and experience 
shovrS tliat the radius of curvature should not be less than 
12 cm , and this is the mirror which is commonly used for 
direct ophthalmoscopic exammation Although we are not 
able to use the maximum illummation power of tlie mirror 
(we hold it at about 20 mm from the eye) concave mirrors 
improve the illumination of the retina by causing an overlapping 
of the circles of diffusion upon tho fundus from a source of hght 
not uniformly luminous, and so equahsmg the bnglitness of the 
retmal image 

Provided the eye accommodate for the immediate source of 
hght, the brightness of the retinal image is the same whether 
the mirror he plane, concave or convex ^Ye know that tho 
quantity of hght which enters the eye from a given soutco is 
mversely proportional to the square of the distance of the 
source from the pupil , we also know from our consideration of 
the pinliole camera that the area of the retinal image is also 
inversely proportional to the square of the distance of the object 
from the pupil Consequently, the mtensity of lUummation of 
the retmal image is constant, whatever may be the position of 
the object 

The Apparent Brightness of the Ophthalmoscopic Field. 
When we examme tho fundus of tho eje, only that portion 
of the cones of lummous rays that can pass through the 
pupil of tho observer can reach hia retma, and the maximum 
illumination will occur when rays emauatmg from the fundus 
of the observed eye are able to cover completely the pupillary 
area of tho observer 

Taking the rays that delimit the ophthalmoscopic field, a'b' 
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IS the image of the pupil ab of the observer The cone of 
rays from the retina of the emmetropic eye will completely 
cover the pupil of B , raya from each pomt of the hypermetropic 
fundus will also cover the pupil at B , in the fundus of the 
myopic eye no pomt of its surface is able to send out a cone of 
rays correspondmg to each point of a'b' 
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Consequently, the fundus appears least bngbt m mjopia, 
brighter m emmetropia, and slightly more bright m hyper* 
metropia than m emmetropia 

In the mdirect method each pomt of the retmal image of the 
pupil of the observer is able to send out a cone of luminous 
rays which will cover completely the pupil of the observer in all 
conditions of refraction, consequently, nearly the whole area 
of the ophthalmoscopic field is of maximum brightness 
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RETINOSCOPY 

If a soxirce of bght be held before a convex lens at a distance 
greater than its focal length, an inverted image of the source 
will be formed on the other side of the lens which may be 
received by a screen placed m a suitable position If the screen 
bo held at the conjugate focus of the source of hght a sharp 
image will be seen, whilst if the screen be held nearer to or 



farther from the lens than the conjugate focus, a diffuse 
image ^\lll be formed 

} If the source of hght a be moved to another position b, then 
a similar image >m 11 be formed at 6', and it Mill be noticed that, 
ivhereas the source has been moved m a downward direction, 
the image has crossed the screen ui the opposite direction, that 
IS upwards 

Take now the diagrammatic eje, and let HEM represent the 
position of the fundus m hypemietropia, emmctropia and 

&iruc or STS. 1S3 7 
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myopia It will be seen that if a source of light be moved u 
front of the eye, an image of the source crosses the fundu 
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m the opposite direction, and it matters not if tJie eye be 
emmetropic, hypermetropic or myopic '' 

The Concave JUibbob 

If a light L be placed behmd a patient’s head at a distance 
of about 160 cm from a concave mirror of focal length equal to 
25 cm , then a real mverted image of the source L is formed in 
front of the mirror at a distance of 80 cm at a 

u'^ V f V 25 160 “30 
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With the mirror in position M an image of a will tend to be 
formed at a on the fundus of the eye, and if tlie mirror be 
rotated around a horizontal axis m a downward direction to N, 
then the image of the source of hght will also move downwards 
to b in the same direction as the movement of the inirror, and 
the illummated area on the fundus of the eye will move upwards 
We may, therefore, say that when a concave muror is used 
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tlie lUummated area on the fundus moves in the opposite 
direction to the movement of the mirror, and also to the 
movement of the hghfc reflected from the mirror upon the face 
of the patient 


The Peane Mibrob 

An image formed m a plane tnuror is virtual, erect, the same 
size as the object, and is situated the same distance hchmd as 
the object is situated in front of the mirror Furthermore, if a 
plane mirror be rotated, the image moves m the opposite 
direction to the movement of the mirror 



Let JLT be a plano>^iirror, and L a source of light, and let a 
be the image formed' by^he mirror nliich will give rise to an 
lUummated area a' on the^uiidus of the eye 

Rotate the mirror abo^f a horizontal axis m an upicard 
direction mto position N will be noticed that the imago of 
the source L has moved* domwank to b, and the illummated 
area on the fundus has moved m an upvcfxrd direction to 6' 
Therefore, uith a plane muxor, tho illuminated area on the 
fundus moves m the same direction as the mirror, and in tho 
same direction as the movement of the light reflected from tlio 
mirror on to the face of tho patient 

T ho source L is spoken of as the ongiTial source of l ight, and 
th e image produced by the mirror os tho tmmcdta ie source 
The actual movement of tho illuminated area on the fundus is 
c alled the real motemenl of tho hght, as if it vicro obs erved 
from bclimd tho eye through a hole cut in the sc lera 






196 


RBTINOSCOPY 


In retmoscopy we observe through the liole m the mirror 
the apparent movement of the hght as it is reflected back to 
us and influenced m its behaviour by the refractive media of 
the eye 

In Emmetropia An emmetropic eye is one in which with 
the accommodation at rest parallel rays come to a focus upon 
the retma, and, owing to the reversibility of rajs m optics, 



Fig 147 The Apparent Movemect of the Light on the Fundiu m 
Emmetropia 

rays emanatmg from the retina will leave the eye m a parallel 
direction 

Take the pomt a on the fundus of the emmetropic eye , as 
the rays leavmg the eye are parallel m direction they will be 
projected by the observing eye to a position o' behmd the 
observed eye Let the immediate source of light be moved so 
that the hght on the fundus moves to position 6 , the rays from 
this area will be projected by the observer td position b\ and 
the movement observed will be from o' to b\ that is, the 
apparent movement of the light is m t he same direction, a s 
that of the real movement, which is from o to 6 

In Hypermetropia A hypermetropic eye can focus only 
convergent rays upon the fimdus, and, consequently, a luminous 
area upon the fundus will give rise to rays that lea\ o the ej e m a 
divergent direction 

Take the pomt a on the fundus of the hypermetropic eye , 
as the rays leavmg the eye are divergent they will bo projected 
by an observer to the pomt from which they appear to div erge, 
namely, to o', the conjugate focus, or punctum remotum of the 
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eye Similarly, from the point 6, the rays will be projected to 
the point h' , so that the apparent movement observed wdl be 
from o! to h\ that is, m the same direction as the real movemen t 



Fia 14S The Apparent Klovement of the Light on the Fundus in 
Hypennetropia 

In Myopia A myopic eye is able to focus only divergent 
ray s upon the fundus, and so a lummous area upon the fundus 
will give rise to rays which leave the eye m a convergent 
direction, and come to a focus giving rise to a real inverted 
image of the lummous area at some pomt bet\teen the eye and 
infinity 



Fio 149 The Apparent ilovcment of tbo Light on the Fundua in 
Myopia 

The apparent movement of the hght upon the fundus depends 
upon whether the observer is situated beyond the conjugate 
focus, t e , the pimctum reinotum of the myopic eye, or nearer 
to the eye than the pomt at which the rays emauatmg from it 
come to a focus 

Let us take an observer at P Hero will bo seen an mverted 
image a! of tiie pomt a, and similarly the pomt 6 lU git e rise 
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to an inverted image at b* The real movement of the light 
13 from a to b, but it will appear to the observer to be from a' 
to b', and so the apparent movement will be m the opposite 
direction to the re al movement ~ 

^ Suppose the observer to be at Q so that he will receive rays 
from the fundus before they have come to a focus, the rays from 
a will be projected to a", and those from 6 to 6", and the 
apparent movement will be from a" to 6", that is, m the same 
direction as the real movement 
Therefore, in myopia, the apparent movement will be m the 
opposite direction to the real movement when the observer is 
beyond the punctum remotum of the eye, but the apparent 
movement will be in the same direction as the real movement 
when the observer is withm the punctum remotum 
It should be noticed that m cmmetrop ia and hvpennetropia 
n e observe a virtual erect and magnified imag e of the lummous 
area on the fundus, whose movement, naturally, la in the same 
direction as that of the actual luminous area, and the same 
conditions exist when observing the movement of the lummous 
area on the fundus of the myopic eye from a pomt within the 
punctum remotum It is only when we are beyond the punctum 
remotum that we see an mverted image of the lummous area 
whose movement is naturally m the opposite direction to that 
of the actual luminous area on the fundus 
Now there must be m the myopic eye some pomt between 
the eye and infinity where the virtual erect image, whose 
movement is m the same direction as the lummous area on the 
fundus, gives way to the teal mverted image with a movement 
m the opposite direction This pomt is called the 
reiersal, an d if the observer is situated exactly here no move 
ment of the light can be observed, but the pupil, with the 
immediate source of hgbt in one position, is bright, and when 
the immediate source is moved, gradually becomes dark 

The Ught on the Fundus The ahape of the vUnimnated area 
depends upon the shape of the origmal source of hgbt, and since 
m practice the origmal source is round, so, therefore, is the 
retinal image round 

T he illuminated area of the fundus la very mmute W ith 
a plane mirror, an origi^I source of light ^5 cm neiima rl^e 
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? atient’8 head, and 25 mm m diam eter, and the observer 
metre v\ frnnf, nf ftip ptitipnt the i mmediate soiirc a of light 
will be approximately 2 5 metres from the patient 
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The diameter of the retmal image is therefore 


25 X 15 
"■ 2,500 


= 0 15 mm 


tint IS, less than the diameter of a large vessel of the retina 
If a linear source of Ught bo iised, then the image upon the 
fundus will be Imear as tlie circles of diffusion, by overlapping, 
will not be able to produce a circular image 
The portion of the illuminated fundus actually seen at any 
one moment corresponds to tho ophthalmoscopic £eld, and is, 
therefore, smaller than the field of illummation Consider an 
eye with 1 dioptre of myopia, and the eye of the observer at a 
distance of 1 metre from the patient An image of the pupd 
of the observer will be formed exactly on tho retma of the 
patient, and this, as we have seen, measures the ophthalmoscopic 
field The distance of the nodal pomt of the observed eye from 
tho retma is 15 mm , the diameter of the pupil of the obser> er 
18 , say, i mm and the distance of the eyes apart 1 metre, 
consequently tho diameter of tho imago of the ob'crver’s 
pupil upon the retina is given by this equation 


4 X 15 

i,ooa 


= OQ mm. 


This tiny area is tho only portion of the illuminated fundus 
visible, the surroundmg fundus is m darkness, consequently, if 
the immediate source of light bo moved, the diummated area 
on tho fundus ivill bo succeeded by a dark area, usually called 
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the shadow If, then, m an eye, approximately emmetropic, 
we observe the illuminated area, it will be circular m outhne 
and fill the pupil with a red glow , as the patch moves across 
the fundus it will he followed by an area of darkness It 
IS the junction between the area of illumination and the 
non vllumuiated area, that we obsetve when deciding the 
direction of the movement of the light on the fundus, and it is 
usual to speak of the movement of the shadow m relation to 
that of the mirror 

If there is a considerable difference m the refraction of the 
tn o prmcipal mendians there bemg, therefore, a difference m 
magnification of the illummated area, it will be oval instead 
of round m shape, the mclmation of the major axis of nhich 
gives important mformation as to the angle at which a cyhiider 
must be placed to give equal magnification m all meridians, 
m other words, by the combmation of a sphere and cylinder 
render all meridians of the eye of equal refraction 

Now the mUnsittf of the tilumtnat%on of the fundus depends 
upon several pomts 

(1) The mtensitv of the ongmal source of heht . 

(2) T he form of the mirror, whether flat or c-onesve , 

(3) Th e dist^ce if the original ’source of light'^and the 

mirror , 

but most upon — 

(4) The refraction of the observed eye 

If the hght 18 perfectly focused upon the return, the area will 
approximate to a point, and the mtensity of lUummation will bo 
at its maximum, and this will be the case when the conjugate 
focus of the eye comcides with the immediate source of hght 

With a plane mirror and the hght 50 cm behmd the examined 
eye the immediate source of hght will be 2 5 metres m front of 
the examined eye, so that the mtensity of lUummation will be 
greatest when the conjugate focus of the eye is at 2 5 metres, 
that 18 when it has a myopia of Q 4 D 

With a concave mirror of 25 cm focal length, and the onginal 
source of hght 50 cm behmd the exammed eye, and the 
observer seated 1 metre m front of the eye, the immediate 


source of hght usmg the formula ^ "1“ ^ ~ 
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30 cm m front of the mirror, that js, 70 cm m front of the eye 
Therefore the intensity of illumination will be greatest when the 
conjugate focus of the eye is 70 cm m front of it, that is, when 
the eye has a myopia of about I 4 D With an eye of, say, 
10 dioptres of myopia, and a conjugate focus, therefore, of 
10 cm , the immediate source of light, especially with the 
plane mirror will form a very diffuse image on the fundus, 
consequently, the reflex will bo dull as the illummation is poor, 
owmg to the light bemg spread o\ er a much larger area of the 
fundus 

This observation is of cimical value when decidmg whether 
an eye has a high or low degree of ametropia 

The Rapidity of Movement of the Illuminated Area. The 
rapidity of the real movement on the fundus depends upon 
iJl-^he rapidity of movement of the mirror 

^ho distance of the mirror from the observed eye 
v3 The distance of the origmal source of hght from the mirror 
4* The distance between the fundus and nodal pomt of the 
observed eje 

The real movement of the hght on the fundus necessarily 
affects the apparent movement that is, the movement of the 
lUummated area as obsened through the refractive media of 
the oje, but, as with the mtensity of illummation of the area 
of the fundus, the most important factor is the refraction of 
the observed eye 

An emmetropic eye is similar to a convex lens witli a screen 
in the plane of its principal focus Lookmg through the lens 
at an object on the screen in these circumstances the object will 
appear under considerable magnification, and the magmlica 
tion will bo so great that the area of the lens will bo occupied 
by an imago of only a small portion of the object on the 
screen If now the object be moved, the image of the portion 
of the object will raovo very rapidly, the movement of the 
object bemg magnified part passu with its area 
With the object m any other relation to the focal length of 
the lens the magnification will be less, and, consequently, the 
apparent movement will bo 1^ the farther distant the object 
from the principal focus of the leiw in either direction, that is, 
the nearer to or farther from the lens As mjopia and hyper- 
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metropia correspond respectively to a convex lens with the 
screen (the retma) farther from the lens than its principal 
focus, on the one hand, and nearer to the lens on the other, 
•\\e may say that the higher the degree of ametropia the less 
rapid the apparent movement of the jllummated area on the 
fundus 

Astigmatism In astigmatism ne see the illuminated area 
through a medium whose magnifying power differs in the two 
pnncipal meridians Thus, one meridian may he emmetropic, 
causing masimum magnification, whereas the other may be 
hypermetropic, that is, with the lUummated area nearer to the 
refractmg medium than its pnncipal focus, and, as a conse 
quence, less highly magnified The result will he that the 
illummated area iciU appear as an oval with its major axis 
lying in the mendiau of emmetropia As the illummated area 
la infinitely magnified m the mendian of emmetropia the sides 
of tho oval will appear as straight lines 

The illummated area is, therefore, oval m outhno m astig 
inatism, the major axis of the oval lying m the mendian of 
least ametropia, and thus is produced the band of hght, the 
inclination of which gives such valuable information as to the 
direction of the axis of the cylmder which will correct tho 
mendian of greatest ametropia 

In other words, m order to make this meridian emmetropic, 
so as to correspond with the other meridian, a cyhndncal glass, 
with its axis in that of the band of light, must be placed before 
the eje until the magnification m each meridian is the same 

The oval shape of the illummated area, and still more, the 
appearance of a band of bght w lU only be apparent when there 
IS a considerable difference m the refraction of the two principal 
niendians, and the student must not conclude that all cases of 
astigmatism exhibit t,ht« pecuhanty "When, by means of a 
glas‘5, one mendian has been rendered emmetropic wc are then 
able to appreciate the handed appearance, and usually it is 
only during the course of the mvestigation of the refraction of 
an eye by retinoscopy that the banded appearance is obtained 
The greatest contrast will be obtamed when the observer s eje 
IS at the pomt of reversal of one mendian (giving the sharpest 
image) and the immediate source of light is at the jioint o 
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reversal of the other meridian giving the brightest illummatioa 
m that mendian 

In retmoscopy the points of reversal of the meridians of 
greatest and least refraction are determined, and so the value 
of the mterval of Sturm is determmed, ^\hlch represents the 
astigmatic error 

Aberration. A Positiie — In common with other lens 
systems the eye suffers from spherical aberration Witli the 
ordmary convex lens, the refractive power of the peripheral 
part is greater than that of parts nearer the principal avis, 
and this, the more com 

mon, 13 known as posi s. 

tivesphencalaberration p| ^ \ 

Takins an erame — ' ” r' ^ 

tropic eye with marked J 

sphencal aberration, the 1 

rays leavmg the central j.,,, Th. Sh«iow 

area of tiie cornea will 

bo parallel m direction, and, consequently, will enter P, the 
pupil of the observmg ©>e Take now a ray a little to one side 
of the centre of the cornea , by the greater power of this 
portion of the refractmg media of the e> e, it will be rendered 
convergent, but not sufficiently so to cause it to strike the pupil 
of the observer’s eye It will, therefore, strike the iris outside 
the pupil and will not be seen by tlie observer A more 
peripheral ray still will be more refracted, and will enter the 
pupil of the observer, and the appearance therefore, w ill bo of 
a more or less brilhautly illummated central area of the observ ed 
pupil, outside which will be a less brilliantly illummated area, 
succeeded agam by a moro brilliantly illuminated area 

Tbo less well lUummafed area, which is m the shape of a 
ring, IS also known as tlie paracenJral shadow 

Spherical aberration of the eye is much more easily seen after 
the use of a mydriatic, which exposes the peripheral portion 
of the lens, and its existence should impress upon the student 
that the only observations of xaluo ui exanumng the refraction 
of ail ejo by retmoscopy are those on the central portion 
of the coniea opposite the pupil, an area about 4 mm lu 
diameter 
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B Negahie In this rarer condition the central portion of 
the media of the eye are more refractmg than the peripheral, 
the most extreme examj^e of the condition being seen in cases 
of corneal cornea Here the central part of the cornea bulges 
forwards m the shape of a cone so that the refraction in this 
area becomes myopic, and as the cornea gradually flattens 
towards the penphery, so the refraction becomes l^s myopic 
As has been explamed above, the result is that the peripheral 
portion of the reflex from the lUummated area of the fundus 
moves more quickly, with a given movement of the mirror, 
than the central part, and as a result the penpheral portion of 
the reflex spins round the central portion givmg the condition 
its characteristic appearance 

The occurrence of aberration caus^ many of the difflcuities 
of retinoscopy, since we see different parts of the reflex from the 
illuminated area of the fundus movmg m contrary directions 
This difl3,culty is overcome in practice by paymg attention only 
to the movement m the central portion of tho cornea 

The Point of Reversal When the pomt of reversal is reached 
no movement of the light across the fundus is seen, but the 
pupil of the observed eye with one position of the mirror is 
bright, and with another position dull, and as tho mirror is still 
further moved, the pupil becomes dark 

What is the condition which at this moment produces these 
results ^ 
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The above diagram represents the path of rays when the point 
of reversal is reached P is then accommodated for the pupil 
of 0, the observer, and O is accommodated for the pupil of P, 
as occurs m all stages of retmoscopy. ab on the fundus of P is, 
therefore, the image of the pupil of O, and cd is the imago of the 
pupil of P on the fundus of O, and also ab represents exactl> 
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that part of tlie fundus of the eye P that 0 is able to see at ajiy 
one moment It represents the ophthalmoscopic field of vision 
No pomt of the fundus of the eye P outside the region ab will 
be able to send out luminous rays into the pupil of 0, and 
each pomt of the surface ab sends out bght to the whole 
area cd 

MN IS that part of the fundus of the eye P that is illuminated , 
it IS larger than the ophthalmoscopic field ab If the lUummated 
area is moved so that the pomt M reaches the pomt a, 0 will 
not observe any alteration m the illummation of the pupil, 
because the part ab is always illummated If the movement 
of MN is coutmued m the same direction the pomt a will pass 
mto darkness, and, consequently, the area ab will no longer 
reflect so much bght It follows that from that moment the 
area cd of the fundus of the eye 0 will receive less bght, and 
this dimmution of illummation is distnbuted uniformly on the 
whole surface cd As MN is further displaced the same is the 
fate of each part of ab, and when, finally, the pomt b is the 
only one sending out light to the pupil of 0, the whole area cd 
will be but feebly illummated, and when MN has passed the 
area a6 completely, tlie fundus of 0 receives no light from P, 
that is, the pupil of P will appear quite dark 

We have seen that the apparent movement of the light on 
the fundus tells us that, on the one hand, an eye may bo either 
emmetropic, hypermetropic or myopic, with the punctum 
remotum behind the pomt from which the observation is made, 
or actually ts myopic with its punctum remotum between the 
observer and the observed eye The information is, therefore, 
only definite m the case of myopia of certam degree, and we may 
say that retmoscopy is a test which is only apphcablo to a 
condition of myopia 

If we take an emmetropic eye from which parallel rays are 
emanatmg, and wc place m front of it at its anterior prmcipal 
focus a + I D spherical lens, those parallel rays will bo brought 
to a focus at the principal focus of the lens, that is, roughly, 
1 metre from the eye We have seen that the measure of 
myopia is the distance of the punctum remotum or conjugate 
focus from the eye, which expresses m centimetres the focal 
length of the lens which will correct the error Thus, if w o know' 
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the distance of the pimctum remotum from a mjopic eje, we 
know the dioptric value of the correcting lens 

In applying retinoscopy to the myopic eye we might, by 
altenng our distance from the eye, walking nearer to or farther 
away from the eye, find the pomt of reversal, and then, with a 
suitable measure, make a note of the distance of the pomt of 
reversal from the eye 

The other method would be to take our position m front of the 
eye at a known measured distance, and place lenses m front of 
the eye until the punctum remotum of the observed eje 
comcided with the nodal pomt of the observer’s eje By this 
means, not only can we discover the refraction of the mjopio 
eye, but, since the method consists in producmg an artificial 
myopia, of the emmetropic and hypermetropic ejo as well 
We have showm above that the placing m front of an emme 
tropic eye of a convex lens of 1 D induces an artificial mjopia 
of 1 D, and similarly by placing a smtable convex lens m front 
of a hypermetropic eye we can produce an artificial myopia 
which can be calculated by measunng the distance of the point 
of reversal 

This method is the one adopted in the apphcation of xetmo* 
scopy to climcal ophthalmology, and for convemcnce we place 
in front of the eye a leas of such a strength that we induce m 
every case 1 dioptre of myopia In this way, by making our 
observations at a measured distance of 1 metre, we are able 
to deduce the refraction m all cases 

Now that we have considered the optical basis of retmoscopy 
we are m a position to discuss its practical apphcation 

For the sake of convenience, the distance chosen at which 
observations arc made in retmoscopy, is 1 metre With this 
distance separating surgeon and patient, the surgeon can place 
suitable lenses in the frame on the face of the patient, he can 
remam seated, need not walk about, and can see quite distmctly 
the play of light and shade in the pupil of the patient For the 
most accurate work a long workmg distance w ould be chosen, 
and for this reason suppose that the distance chosen for 
observation be 2 metres , with the point of reversal at 2 metres 
distance from the eye, the eye will ha\e 0 50 D of myopia , 
an error of 25 cm in the distance between the surgeon and 
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patient will lead to but 07 error m the correcting lens If, on 
the other hand, a distance of 50 cm be chosen, where the point 
of reversal will be equivalent to 2 D of myopia, an error of 
10 cm m the distance between surgeon and patient will cause 
an error of 0 6 D m the correctmg lens 
At a distance of 2 metres the suigeon would not be able to 
remam seated and reach the patient, but would constantly 
be moving backwards and forwards and although a distance 
of 50 cm allows an excellent view of the play of light and shade 
in the pupil of the observer, it allows but a small niargm for 
negligible errors m observation , the distance of 1 metro is 
convement, and allows a fair margm for neghgible error, for 
which reason it has been chosen almost umversally as tlie 
distance at w hich observations are made At distances greater 
than 2 metres it is difficult to see the play m the pupil The 
room should be thoroughly darkened not only to reduce reflexes 
from the cornea of the patient, but also to give the greatest 
contrast between the lUummated area on the fundus and the 
dark unillummated area around 
The reader is referred to the discussion upon the source of 
light best suited for direct ophthalmoscopy (p 161) and the 
use of a small source of light 3 or 4 mm m diameter ivhen 
performing retmoscopy is emphasised Gullstrand points out 
that the most reliable icsults are obtamed when a traus 
parent unperforated mirror is used A hole m the mirror 
always causes a shadow which compheates the phenomena in 
the neighbourhood of the pomt of reversal, and which makes it 
impossible to find the refraction m the central part of the pupil 
Therefore a plate of glass with parallel faces is the best mirror, 
and the loss of reflected light is supphed by the specific 
intensity of the diapliragm lamp 
If a hole of small diameter is used as a diaphragm and the 
} 2 iaTf>r consists of a thm giass piate lixed in a position ivhich 
allows the optical image of the hole to coincide with the 
observers pupil, the sensibihty of the method is highly 
increased and allows the examination of tlie aberration of the 
ojo and of pathological asymmetry A diameter of 1 mm 
gives excellent results if the pupil is dilated, and w ith a diameter 
of only 0 5 mm dilatation of the pupil can be avoided in many 
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cases Such a source of bght contained witliin a housing is 
small and Lght and can, if mounted upon an extensible arm, 
or one attached to the ceiling, be brought in front of the face 
of the patient during retmoscopy The source of hght, the ej e 
of the observer and the point of reversal of the patient’s eye 
can thus be brought to the same spot and very accurate 
observations made m the most favourable circumstances 

Lummous retmoscopea give equally good results at the pomt 
of reversal, but, as will be seen, there are advantages in bemg 
able to suspend the original source of hght belund the patient’s 
head when observing the angle of the band of light in astig- 
matism 

As a rule a plane mirror is used m preference to a concave, 
at any rate to a concave mirror of short focal length The 
sight hole should be of 3 mm diameter, made by removing 
silvenng from the back of the mirror and not by drilling the 
glass, a process that leads to annoymg reflexes at the edges of 
the hole, especially if the cut edges become chipped 

If a larger sight hole be made, there appears a lacuna m the 
light patch produced by the mirror which reduces the illumina 
tion of the light area on the fundus of the eye 

A larger hole, which has advantages of ease ui use, may be 
used if instead of a plane mirror, ne u<:e a concave mirror 
such that Its focal length is greater than the distance separating 
surgeon and patient Thus, with a concave mirror of 150 cm 
focal length, with the ongmal source of hght 125 cm distant, 
a virtual and magnified image of the hght is formed 750 cm 
behmd the mirror As a result the rays of hght are less diver 
gent than with a plane mirror, the illumination is therefore 
greater and for the same reason the lessening of illuminatioji 
caused by scrapmg away the silver to make the sight hole 
18 less noticeable This, the Lister mirror, may well bo 
recommended to the student 

Tlie most important obsmwation that has to bo made m 
retmoscopy la at the moment that the point of reversal of the 
light on the patient’s fundus comcides with the observers 
nodal pomt, consequently, at tins moment the brilliance of the 
lummous area on the fundus should be at its greatest, its 
definition sharpest We have shown above that the illumination 
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and definition of the Jununous area is greatest when the 
immediate source of light is at the conjugate focus of the eye, 
consequently, for the most accurate observation the nodal 
pomt of the observer’s eye and the immediate source of hght 
should comcide with the point of reversal, that is, the conjugate 
focus of the retma at that particular moment 

With the plane mirror this may be accomphslied by hanging 
the original source of light quite near to the mirror, so that its 
image, that is, the immediate source of hght, is only a veiy 
short distance behmd the mirror This, of course, can only be 
accomplished with a hght partially obscured by a hood or with 
a retmoscopy mirror lUummated by an electric attachment so 
that the lummous bulb is very near to the mirror 


L 
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Fxo 153 The most favourable relative position of light and mirror 
tor observing the pout of reversal 

In astigmatism the mendians, in winch the refraction is 
respectively greatest and least are placed at right angles to 
each other, and, as a rule, so placed tliat the meridian of least 
refraction is horizontal and the other vertical , therefore, m an 
astigmatic eye we follow out the same manosuvre in a plane 
at right angles to that in which we previously rotated tlio mirror 

Now it 13 convement to know as accurately as possible the 
mclmation of these mendians to a horizontal or vertical hnc 
as then vv e shall be able to mdicate precisely the angle at \i hicli 
the cylmdricaJ glass shall bemclmcd soas to render a JJ mendians 
of equal refraction 

Wlien one mendian lias been coirected by a suitable spliere 
the lummous patch on the fundus will have been highly 
magnified m that mendian and, as w o hav e seen, its edges have 
become more or less linear , but the contrast between this and 
the surroundmg darkness is not great, because we have so 
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arranged the immediate source of bght that the bestillummatioiv 
of the fundus is m the meridian of best defimtion and greatest 
magnification If we could so arrange the immediate source 
that it comcided with, or, at any rate, approsmiated to the 
pomt of reversal m the mendian at right angles \i e should then 
have the greatest contrast, the best definition m one meridian, 
the best illumination m the other This may be accomplished 
m myopia by brmgmg the observer’s eye and mirror to the 
pomt of reversal of the meridian of greatest myopia, and, with 
the mirror held m this position, pushmg the origmal source of 
light behmd the patient so that the immediate source of light 
will retreat behind the mirror, and so come to coincide n ith the 
point of reversal of the less myopic meridian 


i 


Fis The moU IftSOutabletelftUve portiOB of Ught oadnumc 
for observiag the b&od of light to astigmatum The mirror 
Mib la at the pomt of teversal of the raore mj opio menibas 
whereaa the immediate source of light la at I the point of 
rei ersftl o! the leas mjopio meridian 

In the liypeimetropio eye we first brmg the meridian that is 
more myopic (that is, less hypermetropic) to a pomt of reversal 
at 1 metre distance with a suitable lens, and then pushing off 
the ongmal source of light irom the mirror, ive bring the ra^s 
divergent from the immediate source of light nearer to the pomt 
of reversal m the other mendian, and, consequently, the 
illuramation m this meridian is better than m that mendian of 
which the pomt of reversal has been determined 
If no astigmatism is present the arrangement of light and 
mnror will not cause the bright band to appear suice the 
magnification of the luminous area on the fundus « the same m 
all directions However, the lilmnmated area becomes 
magnified more and more as the pomt of reversal is approached, 
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so that the edge of the refiei is no longer round, but appears 
as a straight line 

Although when the bright band m astigmatism is found we 
try to move our mirror about an axis parallel to the edge of the 
band, nevertheless, we find that even when the movement of 
the mirror does not correspond with this axis, the movement 
of the band is always at the same mchnation This apparent 
movement of the band of liglit, always at nght angles to the 
direction of the corrected mendian, is an optical illusion 

If a straight edge, obhquely 
placed hehmd a circular aperture, 
be moved either horizontally or 
in a direction at nglit angles to 
the edge it will appear always to 
be moving in a direction at nght 
angles to the edge 

Such, then, are the appearances 
of regular astigmatism m which, 
speakmg generally, the refraction 
m any particular mendian is 
the same throughout the visual area of the cornea In 
irregular astigmatism such as is seen after corneal ulceration 
and disease, the refraction >anes in different parts of the pupil, 
even m the same meridian Irregular astigmatism is frequently 
seen in lenses the subject of early cataract changes, even before 
defimte irregulanties and opacities can be seen with the 
ophthalmoscope Another form of irregular astigmatism 
invading the pupillary area is that giving rise to the so called 
“scissors movements” In this condition one part of the 
pupillary area is more myopic than another, causmg a different 
movement m one part of the pupil from that in another, so that, 
m one portion, the more mjopic, there is movement against the 
plane mirror, and m another portion mov ement w ith the mirror 
It 13 the peculiar openmg and shuttmg, as it were, of the bght 
area that gives the appearance its name The condition may be 
produced artificially in a model ejo by tiltmg the lens, and, if 
liglit be reflected in a vcr> oblique direction, in the living eje as 
well * 

The Method of Petfornung Relinoscopy with the Plane 
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Mirror The patient and surgeon are seated facing each otlier 
at a distance of a metre measured from the external angular 
process of the frontal bone of one to the other Li the first 
instance this distance should be measured so that the student 
may fix the actual distance m his memory, as it is usually very 
much under estimated A test frame is placed on the face of the 
patient, who is told to fix the middle of the surgeon’s forehead 
One eye is covered by an opaque screen For the mexpenenced 
observer it is wiser to have the accommodation paralysed ivith 
a mydriatic, a procedure not uncommonly required by an 
experienced refractionist The light, m the first instance, is 
placed either above or to one side of the patient’s head so that 
the face is m shadow, and, as has been stated above, it is better 
to have the bght covered by an opaque hood with a diaphragm 
opening in the side With the mirror, held m a position before 
the observer’s oye, light is reflected on to the patient’s face and 
mto hia pupil A red glow will be seen uv the pupil, caused by 
bght being reflected from the fundus of the patient to the 
observer who projects this to the pupil of the patient, the object 
for which the observer accommodates throughout 

It IS advisable for the observer to wear spectocles, if necessaiy, 
so as to improve his vision to 6/9, and if he be presbyopic, his 
correction for near objects as well 

The glow m the pupil will be bright or dull depending 
largely upon the degree of ametropia m dark complexioned 
mdividuals the reflex is relatively dull 

It is to be remembered that our attention must be fixed 
upon the central part of the pupil, an area about 4 mm m 
diameter 

The mirror is rotated about its horizontal diameter, and the 
bght reflected upon the face will move in the same direction 
as that of the mirror We know that with the plane mirror 
this IS the direction of the real movement of the bght across the 
fundus of the eye The appar^vt movement is carefully watched 
and we will suppose that it is m the same direction as the 
movement of the mirror that case, the eye in that meridian 

IS either emmetropic hypermetropic or myopic by less than 1 D 
We must judge by the illumination and rapidity of moiemcnt 
of the light whether the degree of ametropia is high or low 
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If the illumination be poor and the movement slow, and, 
moreover, the edge of the ittummafed area circular m outhne, 
that IS, the magnification low, we may judge that there is a 
considerable degree of hypermetropia , we therefore place m 
the cell of the frame a convex lens of, say, 4 D value We 
agam rotate the mirror, and note if tlio directio^j of movement 
of the reflex is still with, or is now against, that of the mirror, 
and we will mcrease or reduce the strength of the lens until the 
movement ceases We now know that the punctum remotum 
of the eye m this meridian is at our own nodal pomt, and 
that the eye m the meridian of movement of the mirror has 
1 dioptre of myopia 

If, on the other hand, before the lens was placed in the frame, 
the lUummation w as good, the movement swift and the edge 
of the lUumuiated area straight, or, at any rate, only slightly 
curved, we then know that the liypermetropia is of very low 
degree, or the eye either emmetropic or myopic of less than 
1 dioptre We, therefore, place in the cell of the frame a low 
convex glass, 0 bO D to 1 00 D, and observe the result If the 
movement m the pupil is abolished by a convex glass of 0 50 B 
wo know that this glass has produced 1 dioptre of myopia m 
that meridian, and, consequently, the real refraction of the 
ej e m that meridian is 0 50 B of myopia 

If on placmg a 1 D convex lens m the frame the movement 
of the hght and shadow ceases, we know that the pomt of 
reversal is at our nodal pomt, and the added lens has produced 
m the eye 1 dioptre of myopia The refraction of the eye must, 
therefore, be emmetropic 

If the + I B lens does not abolish movement m the pupil 
of the observed eye, then we add stronger and stronger convex 
lenses, xmtil the pomt of reversal is reached, as the eye has been 
proved to be hypermetropic 

If the movement of the hght is against the movement of 
the mirror, the eye must bo myopic of such a degree that the 
punctum remotum is between the observer and the observed 
eye The eje has, therefore, moro than 1 dioptre of mjopia, 
and to reach the point of reversal concave lenses must be 
placed m the frame 

In this w ay, then, we detenmne the refraction m one meridian 
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and if the error be spherKal, that is, simple hypetnietropia or 
myopia, ive shall find that with, the lens in place m the Irame 
a rotation of the mirror at nght angles to the previous move 
ment shows that the point of reversal has also been reached 
m the meridian at right angles to that just studied If, 
however, we §nd that there is movement of the hght m the 
pupil on rotatmg the mirror m the meridian at right angles, 
then the eye is astigmatic 

IVe know that regular astigmatism, w hich is mainly comeal, 
13 usually such that the curvature of the cornea m the vertical 
meridian is greater than that m the horizontal meridian, that 
IS, that the dioptric value of the cornea in the vertical mendian 
13 the greater It is, therefore, a habit of practice to correct 
the vertical mendian first m hypermetropia, and the horizontal 
first m myopia The reason of this method is this astigmatic 
errors ate corrected by the use of spheres with a superadded 
cylinder In hypermetropia the added convex lenses increase 
the dioptric value of the eye m all meridians, and when 
appropriately used, give us the pomt of reversal of one 
mendian, leaving us the other mendian to be corrected with 
superadded cylmdncal lens of the same sign as the sphere 

In myopia the added concave lenses reduce the dioptric 
value of the eye, and so we first reduce the dioptnc value of 
the less powerful meridian, that is, the horizontal, and so find 
its point of reversal, leaving the vertical mendian to be corrected 
with a concave cylmdncal lens 

It has been explamed that the most accurate observations 
at the pomt of reversal are made if the hooded hght is placed 
as near the mirror as possible If the eye be astigmatic the 
hght IS now placed behmd the observed eye, so that we may see 
the mclmation of the band of light caused by reflecting the 
light from the mirror mto the eye, and of this a note is made 

Two methods of procedure are now open to us, the first, and 
more usual, is to correct the mendian at right angles to tho 
band of hght with sphencal lenses (in exactly tho same manner 
as we have corrected the mendian parallel to the band of 
hght) with the hght as near to the mirror as possible, and this 
method has the advantage of being simple, and retjuirmg a box 
of sphencal lenses only tVhen the point of reversal is reached 
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in this mendian, it will, ■v.ith the light m an appropnate position, 
cause a band of hght with a contrary movement to appear 
m the meridian at right angles, and we are, therefore, able to 
confirm or correct our previous finding of tlie inclination of the 
band of hght m the opposite meridian 

The second, and more accurate method is to leave m place 
the spherical lens which corrects one mendian, and then add 
suitable cylmdneal lenses with their axes m that of the band 
of hght until the pomt of reversal is reached in the other 
meridian If the value of this cylmder is correct we find that 
upon movmg the mirror m any mendian all movement of the 
hght m the pupil has been abolished, and we have merely the 
appearance of lUummation m the pupil, followed by less and 
less intensity of lUummation as the mirror is moved until the 
pupil becomes quite dark, that is, the pomt of reversal in all 
mcndians is now at our nodal pomt 

Let us suppose that the lenses used are 4- 4 00 D sph u itli 
4- 2 OOD cyl axis 100*, to give the pomt of reversal in all 
mcndians at 1 metre Wo may 
apply a very delicate test to make 
certam that the cylinder used is of 
the correct value If we approach 
the oye 26 cm , that is, place our 
nodal pomt 75 cm from the 
observed eye, and again move the 
mirror m the two principal 
meridians we should obiaui move I'la iq6 

ment of the reflex v.tth the plane 

mirror m all directions, with equal rapidity of movement and 
equal intensity of reflex Agam, if we mcrease the distance 
between the two eyes to 125 cm , tlien we should obtain 
movement of the reflex against that of the mirror wath equal 
rapidity of movement in all meridians and equal intensity of 
reflex 

If the correction of astigmatism is incorrect, let us suppose 
that the cylmder should bo 4- 2 25 D, mstead of 4~ 2 00 D, 
then on withdrawmg to 125 cm we shall find that in the 
mendian at 10* the hght moves with the mirror or the move- 
ment has disappeared, whereas in the meridian at 100* 
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there will be a band of Lght giving movement against the 
mirror 

If the angle of xnclmation of the cylmder is mcorrect then 
we shall find that the principal meridians do not correspond 
with those for which the cylindrical lens is placed, and upon 
moving the mirror the hght leaves the pupil in an obhque 
direction, and also there will remam apparently some 
uncorrected astigmatism If the value of the cyhndncal 
lens 13 correct, or too weak, its axis needs to be turned towards 
the axis of a similar lens that would correct the remaining 
astigmatism If the cyhndncal lens is too strong its axis 
needs to be turned towards the axis of a cyhndncal lens of 
opposite sign that would correct the astigmatism 

If now the cylmdrieal lens be of correct value, and m the 
appropriate axis, then any error that remains must be sphencal , 
this IS corrected by altering the strength of the spherical lens 

By carrymg out retmoscopy m thw manner with spheres and 
oyhndera, a great deal of time may be saved when the subjective 
testmg is corned out in the same room without causmg the 
patient to change bis position The lenses ore left in the frames 
and the only alteration necessary when askmg the patient to 
read the distant types is the replacement of the sphencal glass 
m the case of hypermetropia by on© of less numerical value, 
and. m myopuw by on© of geeater numecvcal value, oorcespouding 
to the myopia of 1 dioptre, which gives the pomt of reversal 
at 1 metre, the xefractmg condition of the eje left by the lenses 
used when the retmoscopy observation la earned out at the 
distance of 1 metre 

In mixed astigmatism it is usual to correct the hypermetropic 
mendiau first, unless the error m the myopic mendian be 
of low degree, when we should correct the hypermetropic 
meridian last 

The most useful method of recordmg our results is by a 
diagram, which shows the mclmation of the two principal 
mendians 

Thus, if the error be spherical we make a cross with the two 
arms vertical and honzontal, and place at the ends of them the 
dioptric value of the lens which gives the point of reversal at 
1 metre distance 
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Fig 157 


If the eye be astigmatic a Kimtlar diagram is used w ith a note 
of the mclmations of the mendians, more especially of that 
meridian in which the axis of the cylinder is to be placed 
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It must be remembered that these figures represent tho 
dioptric Values of the lenses that give a point of reversal at a 
distance of I metre from the eye, and, consequently, leave the 
eje mjopic 1 dioptre in aU meridians 

For instance, if the lenses winch give a pomt of reversal at 
1 metre are represented by 



Fig 159 


then tho lenses that actually correct the ametropia are 
R + 3 00 D sph + 2 00 D cyl ox 110° 

L + 2 00 D sph + 2 50 D cyl ax SO” 
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Astigmatism In recordmg the mclmation of the two 
principal meridians in astigmatism, it is necessary that we 
should have some definite notation which may be understood 
by all who read printed records 
There lias been a great variety of methods, but the best, 
without doubt, IS that lmo\m as the “ standard notation,” 
winch 18 the method used by physicists, manufacturmg 
opticians, and now very extensively by ophthalmic surgeons 
The meridians are measured and represented as the observer 
looks at the patient, and the radius vector starts in each ejo 
to the right hand of the patient, at the pomt 0 “, and then 
passes counterclockwise to the patient’s left side, markmg out 
tlie angular intervals from O’’ to 180 ® 
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By this method ambiguity is prevented This scale is 
engraved upon the face of the trial frame, so as to enable the 
observer to note the mclmation of tlic avis of the cylinder 
which corrects the astigmatism 

There are certain problems m considering the best com 
bmation of sphere and cylmder to order, smce there are always 
tw 0 alternatives 


R 


+ 2 


+ 4 - 
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Suppose that in a case of compound hypermetropic 
astigmatism the lenses that conect the prmcipal meridians 
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are -J* 2 00 D in the vertical nieridians, and + ^ 00 in the 
horizontal We might order a combmation 
+ 1 00 1) sph 
-f- 2 00 D cyi ax 90® 
or 

+ 3 00 D aph 
— 2 00 D cyl ax 180° 

In this case the first combination la the better, as the lens is 
lighter and easier to make, and also its Ion er edge is less thick 
than m the second combination , the prismatic effect, therefore, 
m the lower part of the lens is less m the first combmation 
This pomt 13 of especial importance m cases of anisometropia, 
m which the prismatic power of the loner part of the nght and 
left lenses differs, and an artificial hyperphoria is mtroduced , 
if, then, the loner part of the lenses be made unnecessarily 
thick, this effect will be mcreased We therefore try, as far 
as possible, to keep the cylinders vertical 
In myopic astigmatism, m which the cylinder is so often 
horizontal, tins may not be possible but m mi.\ed astigmatism 
it may often be accomplished 
In this case 


L 


-5 


+ 2 
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ue might order 

4- 1 00 D sph, 

- 5 001) cyl ax 180® 

or 

— 4 00 1> sph 

4- 5 00 D cyl ax 90® 

On our previous plan n o would order the second combination, 
smee tho cjlmder is \ertical Apart from tins, tho second 
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lens gives a periscopic effect, especially if the concave surface 
be placed next the eye, as we shall see from the following 
considerations 
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There is always distortion, due to spherical aberration, iihen 
we look obliquely through a lens, the effect with spectacle 
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glasses being that of an added cylinder We usually avoid 
this by moving the head when looking siden ays, keeping tho 
eyes fixed m relation to the centre of the lens We know, 
provided the deviation of rays is small, that they cut the 
axis m a pomt, but that the greater the deviation, the greater 
the aberration . We must, therefore, confine the deviation 
produced at each surface of the lens within the narrowest 
possible limits, and this may best be done when the rays are 
deviated by the same amount at the two surfaces of the lens 
we therefore arrange our lens so that rays of light enter one 
surface of the lens at an angle equal to that at which they 
emeige from the other surface (Fig 163) The convex surface 
should face towards the incident rays, since they are more 
nearly parallel to the axis 

We should also endeavour so to arrange the lenses m the 
two eyes that the cylmders have approximately the same 
inclination, that is, botli vertical or horizontal, and the 
same sign 

The rule for transposition of cylmders is as follows — 

The sphere will be the algebraic sum of the old spherical and 
cylindncal powers, corabmed with a new cylinder of equal 
strength to the old, but of opposite sign, and having its axis 
at nght angles to that of the old 
Thus — 3 00 D sph 

+ 2 00 Beyl ax 180® 

— 1 00 D sph 

— 2 00 D cyl ax 90® 


becomes 



CHAPTER VII 

THE FUNCTION OP CONVERGENCE 
MUSCULAR ANOMALIES 

Convergence "VVIien an emmetropic person gazes at a far 
distant object the two visual axes are parallel, and m some the 
visual axes actuaUy diverge, so that, produced back^vards, they 
meet behmd the eyes If, on the other hand, a near object 
13 observed then the two visual axes converge on that object, 
and, at the same time, there is an act of accommodation, so 
that a shaip image of the object is formed upon the macula of 
each eye yVhen the two visual axes do not meet at the object 
* > t en smgle vision is lost, and diplopia appears, owios 

to the tiro images fallmg upon disparate points of the two 
retinas The tno macuhe bemg identical pomts, smgle vision 
''*‘™ ‘he visual axes meet at the object of 

Convergence is brought about by the simuJtaneous and equal 
contraction of the mtemal rectus muscles, and much of the 
com or espenenced when the eyes are used at short ranges 
depends upon the proper workmg of the act of convergence, 
le 1 a ^oper relation between accommodation and convergence 
or a sufficiency m the power of convergmg the visual axes 
il we observe the eyes fiimg a distant object, w e notice that 
the visual axes of the eyes appear to us to be pumUcl, If now 
a pnsm, ase out, be placed beibie one of the ejes, this e^e 
' 1 overcome the displacement of the miage 

^*if ^ prism, and so as to retam single vision, whereas 

tue other eje continues to fix the distant object it would 
thus appear as if the conveigence were wholly undertaken by 
one eje the visual axis of the other eye retaimng its 

origma direction Actually both ejes converge an equal 
amount and then, in the condition of converged axes, both ejes 
ro ate t ough an angle equal to that of the conv crgcnce of one 
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eje, so that one eye appears to fix, incl the other appears to 
converge double that amount n P A' 

The Measurement of Convergence. The near 
point of coniergence is the nearest pomt for 
which the eyes can be converged without 
produemg diplopia 

The far point of contergence is the pomt 
where the visual axes meet when the convergmg 
musdes are completely relaxed, and may be at 
mfimty, at a distance less than infinity, at a 
distance greater than mfimty , that is, the 
visual axes may be parallel, may converge, or 
may actually diverge when the muscles are 
completely relaxed 

The distance between the near pomt and 
far pomt of convergence is the ron^e of 
contergence 

That part of the range of convergence 
between the near "point aad~h iSflt>'~5~tpohen 
o t' aa posihte, an a that part nevond innn ity 

In diver gent strabismus there is nece ssarily 
a large amovmt of negative converge nce, 
w hefeas Si convergent strabismus all the 
co nvergence is posit, ivaTT ^ ' 

TKe" near pomt of convergence is found by 
bringing a small bnghfc object up towards the 
eyes, m the middle hne, until diplopia is pro 
duced Theoretically its distance should be 
measured fro m the base hne , the Imo join ing 
t he ce n tres ‘‘of rot-^tion ot th e two e> es 
Climcaliy thedistance is measured from the 
a menor prmcipal focus, which is about 25 mm '' 
uiiFoh tof this line This. amount must there sietre Anglo 
fore be added to the distanc e measure d (Landoit) 

Tlio amplitude of contergence may bo measured in varioiis 
wajs, namely, tlm nn miKf diRpTnceinen t of the visual axes 
expr essed m degrees, mmu tpa, nml sn o n. or by the strength 
of prism that an eye can overcome, positive convergence 
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being measured by prisms base out, and negative by pnsms 
base m 

The angular displacement of the visual axes will necessarily 
vary with the length of the base hue , those with a long base 
hne will require to conveige the axes more than those with a 
shorter base line when viewing an object at the same distance 
iiom the eyes For this reason Nagel has introduced a unit 
called the metre angle 
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Fia lOo CiTergeoM of the visaal axes Trhich meet when produced 
backwards 

Let 00 (Fig 164) be the base line, that is, the distance 
between the centres of rotation of the two eyes , bisect this 
hne at M Draw MC at right an^es to 00', so that an object 
upon this hne viewed by the two eyes will produce equal 
convergence Draw OA, O' A', the visual axes of the two eyes, 
which* are parallel m direction when the e^es are fixing an 
object at mfimte distance Let C' be a pomt on the line MC 
at a distance of 1 metre from the eyes , the angle AOC' is the 
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angle tlirougli ^\hlcll the visual axia is turned to fix this object, 
and 13 termed the metre angle 

The angle OC'M is equal to the angle AOC', smce AO is 
OM , r 

parallel to C SI In the triangle OC'M, ^ is the smo of the 

angle OC'M , 

This will vary with the base luie Thus if the base Ime be 

64 mm , then OM = 32 rom . and = 032 = sine 

of the metre angle, and from the trigonometrical tables the 
metre angle m this case is l^bO' 

When the eyes fix a point C" at a distance of 50 cm or 0 5 m , 
then each visual axis will conveige through 2 metre angles 

Agam, = sin OC'M = ^ = 06^. “d 

this is found to bo the sine of an angle of 
Wo see that convergence becomes greater as the pomt of 
fixation approaches the eyes At the ordmary reading distance 
of 33 cm , 3 metre angles of convergence are exerted 
In measunng convergence with prisms, the positive po rtion 
is measured bv tho stronge st prism base_outwar(l3_^ t can 
be borne bv tlie eves whilst fixmg a qiSt:mrobji^vithout 
ur odimlhg dipioTiia. With misms gr^ially apphed this 
amo unts to 30° d. The negative portion o^convergenco is 
measu red bv the strongest pnsm bas e uiwards that can be 
homo by the eyes whilst fixmg a distant object -OTout 
produemg diplopia This amount varies between 1 5°d and 
hiif p finyp^pnf , IS very much smaller m amount th an the 
positive portion of convergence 

RctSfion between Accommodalion and Convergence, ine 
introduction of the umt metre angle has made it easy to 
correlate climcally accommodation and convergence , an 
emmetropic eje accommo^tcdjbr an object at a dis^nce 
of 1 metre uses-1 melfe'En^e^ convergence and 1 D ot 
accommodation, and so on 

Although this relation between the two functions exists, there 
is, nevertheless, a good deal of mdepeiidence between the two, 
which w ill easily bo appreciated when w o consider tho relation of 

8 

Ur&AC OT STX 
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accommodation to comergence 
m hypermetropia and myopia 
Li imcorreeted hypermetropia, 
accommodation is ahvajs m 
excess of convergence, whereas in 
myopia convergence is alwajs in 
excess of accommodation We 
shall see that, m certam instances 
a proper relation betii een accom 
modation and convergence, so as 
to preserve smglo \ision, is so 
difficult to mamtam, that a per 
manent deviation of the eyeB is 
established, a condition known 
as strabismus 

Relative Accommodation Tins 
13 the amount of accommodation 
which it IS possible to exert or 
relax for a given amount of 
convergence 

Let the eyes be accommodated 
for a pomt P, and at the same 
time let the eyes be converged to this pomt so that the amomit 
of accommodation exerted is 3 D, and the convergence equals 
3MA that IS the object is 33 cm distant, and the eyes are 
emmetropic (Fig 166) It will be foimd that we may place 
concave lenses of gradually mcreasmg strength before the e^cs, 
thus causmg the individu^ to use more and more accommoda 
tion and yet the same amount of convergence will be exerted 
all the time so that single vision is mamtauied all the while, the 
object remammg at a distance of 33 cm The strongest 
concave glass that can be tolerated m these circumstances 
without produemg diplopia represents the mcrease of accom 
modation possible and is the positiie amount of relative 
accommodation Its range may be represented by the line 
Pp' Thus the eye is accommodated for p', but converged for 
P 

In a similar way whilst the eye is still converged for P, 
convex glasses of gradually mcreasmg strength may be placed 
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before the eyes, and the eyes will 
gradually relax a portion of the 
exerted accommodation up to a 
certain pomt, and still maintain 
single vision The highest convex 
glass tolerated is the measure of 
the negative amount of the relative 
accommodation In this way tho 
eye may be accommodated for p", 
but converged for P, and Pjp" 
represents the negative part of 
the range of relative accommoda 
tion 

The total range of relative 
accommodation is, therefore, the 
sum of the positive and negative 
portions, and is rcpre«icnted by the 
distance p'p" 

The total range of relative 
accommodation will vary for 
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each degree of convergence, as 

will be seen if ne take two examples , * j 

Let the eyes be emmetropic, with a good amphtudo of 

accommodation r j 

Take as the first example the eyes fixmg a far distant obj , 
ono ot the lines of smaller letters of the test tj-pe. which an 
emmetrope will readily read It will be 
letteis can also be read when - 3 00 D n 
ejo , which means that the mdividnal has added + 3 00 D to 
his mtraocular lens, in other words, IM 
3 dioptres , he stiU retains single vision, and we will '““8™ 
that this IS tho limit ot the concave lens he can overcome and 
retain single vision (Fig 167) 

Tims he has exerted 3 dioptres of positive relative accommo 
dation, which 111 the diagram is represented by the ^ ■ 
which also represents the total relative 

theejehemg emmetropic, there can he no negative portion with 
tho eye focLicd tor mfimty Not even the lowest convex 
glass can bo tolerated and good vision obtained 
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Suppose now an object be 
placed at the distance of 1 metre 
from the eje "We shall find that 
the positive amount of relative 
accommodation is 3 D, that is, 
good vision, M ithout diplopia, can 
be obtamed with a — 3D before 
each eye, the eye bemg accom 
modat^ for 33 cm , and converged 
for 1 metre (Fig 168) 

We shall also find by placmg 
-{-OSD before each eye that he 
will relax his accommodation to 
that amount, that is, 0 5 D sph 
represents the negative amount of 
the relative accommodation 
With the convergence arranged 
for nearer and nearer pomts, the 
positive portion of the relative 
accommodation becomes less and 
less, whereas the negative portion 
mcreases, and when the eye is 
conveiged to, say, 12 cm , no 
concave glass can bo tolerated, 
smee it requires all the accommo 
dative effort possible to see an 
object held so near This point is 
the nearest pomt of relative 


accommodation and the strongest convex glass with 


which distmct vision can be mamtamed is the measure of the 


amount of accommodation that can be relaxed wlulst still 


fixin g the pomt and it thus represents the limit of the negative 
portion of the relative accommodation If the object be brought 
nearer than this pomt the mdividual will require a con\ex 
glass to see an object clearly whilst mamtammg the necesoarj 


convergence 

As the pomt of accommodation approaches the cyo nearer 
and nearer 'lo does the line expressing the range of relative 
accommodation become shorter and shorter, and when no 
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convex lens of higher dioptric value will be accepted than that 
n hich gives a sharp vision, we knon that no part of the exerted 
accommodation can be relaxed at all, and there is no negative 
range of relative accommodation with that amount of con- 
vergence 

Relative accommodation may be plotted m the form of 
curves on the ordinary system of co ordmates as w as ongmally 
done by Dondeis 

In the chart on p 230 the figures along the horizontal Ime to 
the nght mdicate the metre angles of convergence exerted, and 
so 0 indicates parallelism, and 3 mdicates 3 metre angles of 
convergence for a pomt ^ metre or 33 cm distant 

Negative convergence v ould be represented by an extension 
of the chart to the left 

The figures on the vertical Ime represent m dioptres the 
amount of accommodation exerted, and are, therefore, the 
reciprocals of the distance for which the accommodation is 
exerted thus 0 represents the accommodation exerted for 
infinite distance, 3 that exerted for an object J metre distant, 
that IS, 33 cm 

In the chart the obhque line represents accommodation and 
convergence when they are equal , thus takmg the figure 3 on 
the horizontal Ime, representing metre angles of convergence, 
and 3 on the vertical ime, representing dioptres of accommoda- 
tion, the pomt at which the two lines startmg from these figures 
meet is the pomt tlirough which the obhque hne passes, and 
so on This Ime, therefore, represents both accommodation 
and convergence 

ire plot the posttiie part of the rdatne accommodalton aboie 
the diagonal and the negattie part below 

The mdividual from whom this chart was made was emme- 
tropic and had no negative convergence With the visual 
axes parallel be was able to exert 2 95 D of accommodation, 
and so, startmg from the point ofongm, w e count upw ards three 
squares and place a dot at the appropriate spot, and this figure 
w ill represent the total rclati> c accommodation Take now the 
case wlien the ejes converge 1 metro angle it will be found 
that the positive part of the relatnm accommodation is 2 59, 
BO, therefore, startmg from the pomt where the diagonal Ime 
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ciosses tJie first horizontal line, ^\e count up\vards, and make a 
mark in the appropriate position It is fomid, also, that there 
w a negative portion of the relative accommodation of 0 '72, 
and so from the pomt where the diagonal Ime crosses the first 
vertical Ime we count downwards, and make a mark about 
three quarters of the first square The total relative accommo- 



dation 19 , therefore, 3 31, the sum of the positive and negative 
portions 

As we proceed with each point of convergence, we shall see 
that the positive portion of the relative accommodation becomes 
less and less, whfist the negative portion increases, and a point 
IS met when with 8 metre angles of convergence we haio to 
deal only with the negative portion of the relative accommoda- 
tion At this pomt the mdividual la imable to overcome any 
concave lens, and can only relax 3 61 D of his accommodation 
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After that point is passed he TtiU require a convex lens to see 
the object held before him, and thus the negative part of the 
relative accommodation has two portions until a jiomt is 
reached, when 13 metre angles of convergence are exerted, at 
which there is no relative accommodation, a point where there 
IS no range between the two convex glasses that may be placed 
before the eye 

As we have seen, this chart is that suitable for an erametrope, 
but when we deal uith ametrojna certam modifications are 
necessarj Take a case of myopia of 4 dioptres , in this case the 
jiunctum remotum is at 25 cm , and thus the mdividual can see 
an object at this distance ivithout accommodation, although 
exertmg 4 metre angles of convergence, and ith a convergence 
of 6 metre angles be woidd use but 2 dioptres of accommodation, 
and so on In mappmg the curve of relative accommodation 
on the chart, ue must, therefore, begm the diagonal Ime, not 
from the point of origm, but from a point on the vertical line 
four squares below it, and then extend it as we did m emme 
tropia In the case of hypermetropia, in which accommodation 
IS always m excess of conveigeuce, we shall begm the diagonal 
Ime (m the case of 4 dioptres of hypermetropia) on the vertical 
Imo four squares above the zero mark 

The range of relative accommodation necessarily vanes with 
age, emce as wo have seen, the amplitude of accommodation 
becomes less and less as age advances Up to the age of twenty- 
five jears the emmetrope is able to attam full distant vision 
w hen a lens of — 3 25 D spb is placed before his eyes , after 
twenty five jears the concave lens that can bo overcome 
gradually dmnmshes in strcngtli until at sixty five years no 
concave lens will allow full distant \ision 

Clmically it is oidy necessary to measure the amount of 
relative accommodation with a convergence of 3 metre angles, 
that IS, at a distance of 33 cm , the ordmary readmg distance 
Havmg rendered the eye emmetropic, if necessary, with 
suitable lenses, we give the patient a near type that should be 
read at 0 3 metre It is important to measure the distance 
and ensure that the patient holds tlie type ngidly at 33 cm We 
now place concave lenses beibro each ejo, and record the 
strongest lens with w hich the patient can read the typo readdy 
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This IS the measure of the positive part of the relative accommo- 
dation 

The importance of this observation Mas pomted out by 
Bonders, who stated m Lis work, ** the accommodation can be 
^ mamtamed only for a distance at which, m reference to the 
negative part, the positive part of the relative range of the 
accommodation is tolerably great ” If, oumg to the failure 
of the amphtude of accommodation, clear vision caimot be 
obtained at 33 cm , this deficiency must be supplemented by 
the addition of convex lenses, and m actual practice oui 
endeavour, when prcscnbmg glasses for presbyopia, is to keep 
the positive part of the relative accommodation “ tolerably 
great ” 

Relative Range of Convergence. We have seen when 
examining the relation between accommodation and couverg 
ence that a certain amount of convergence could be mamtamed 
with varymg amounts of accommodation 
In the same way we may find that 
with a certam degree of accommodation 
varymg degrees of convergence may be 
mamtamed The amount of convergence 
which can be exerted or relaxed with 
a given degree of accommodation is 
called the relaltie conitrgence 
Let an mdividual accommodate for a 
certam distance We shall find that 
whilst be retams a sharp image of that 
pomt, we are able to place prisms vntli 
them bases outwards before tbe ejes, and 
the strongest pnsm, base outwards, which 
can be overcome, is the measure of the 
positive portion of the relative converg- 
ence and similarly, the strongest prism, base mwards, that 
can be tolerated is the measure of the negative part of the 
relative convergence 

In the diagram with the eyes accommodated for B, Ba 
represents the positive part of the relative convergence, and 
Bb the negative part We may plot out the relative 
convergence m a similar way to that we made use of m 





Fia 170 



STRABISMUS 


233 


plotting relative accommodation In this each one of the 
squares from below upwards represented 1 dioptre of 
accommodation, and each square from left to right represented 
1 metre angle of conreigenee In ploihtig relatiie comerge7ice 
tie mitst count honzotiiallg from Ike same point on the diagonal, 
as only m tins direction can convergence be measured, so 
many squares to the right representing the positi\ e portion, 
and so many to the left representing the negative portion of the 
relative convergence Companng the two charts we see that 
positive relati\e accommodation is of the same character as 
negative relative convergence, and ttcc tersd, but the two charts 
do not comcide, smce m plottmg out relative convergence m e 
find that the lines representing the positive and negatne parts 
are more nearly parallel to the diagonal (Fig 171) 

Strabismus Naturally the two eyes are so related m position 
one to the other that the tno visual axes meet at the point of 

iA - - - - 
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fixation When this natural relation is absent a condition of 
strabismxis or squint is said to occur 

For clinical purposes we divide strabismus mto tivo groups, 
the first, those cases of which we know the cause, the second, 
those of which the cause is not actually knoivn 
In the first group are cases of strabismus due to paralysis of 
one or more extraocular muscles, and calledpara?yhc strabismus, 
and m the second, cases m which the visual axes are not directed 
to the same pomt m space but which retam the same relative 
position of the visual axes m every movement of the ej es, and 
are therefore called cases of concomitant sirabtsmtis Under 
this heading may be grouped cases m which the strabismus is 
only revealed by special tests cases of latent strabismus or 
heltrophona 

It 15 mainly with the 
P group concomitant 

and latent strabismus 
that wo have to 
deal m considermg 
the retraction of the 
eye but, so that 
the two groups of 
strabismus should be 
recognised, some 
description and 
consideration of 
paralytic strabismus 
js neces'^ary 
Paralytic Strabismus 
Signs and Symptoms 
I Limitation of 
Jloiement The loss 
of power of a particular 
muscle will impair the 
abihty of the eye to 
be moved ui some 
cardmal direction, 
that IS, up, down, m 
or out, the direction 
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ui which the paralysed muscle normally moves the eye If 
this loss of power be slight, an mspection -vviU perhaps not 
bo sufficient to decide which muscle is affected, as the slight 
loss of poiver may not he apparent, and the laggmg of the 
affected eye not suf&ciently gross to he obvious The eyes 


F 



Fio 1~3 Test (o shoiv Secondary Deviatian 


move normally outu srds SO'*, mwards S0% upirards 33° and 
don m\ aids 60" The test is carried out by fixing the patient’s 
head, and asking him to follow with his eyes the movements 
of the fingers in the cardinal directions mentioned above 
When the eyes look m tho direction m which the paralysed 
muscle would move the eye, if acting normally, tho affected 
eje nill fail to move, or, at any rate, fail to move throughout 
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its normal angular excursion the deviation of the eye is 
m a direction opposite to the action of the muscle, and is 
knoivn as the primary dtuation It is measured by the angle 
which a hne from the object to the nodal pomt of the eye makes 
with the visual axis 

When fixation is assumed by the affected eye tlie same 
amount of nervous enei^ passes to the associated muscles of 
the two ejes, for instance, the nght external rectus muscle and 
the left mtemal rectus muscle, and supposmg the nght external 
rectus muscle to be paralysed, an abnormally great impuLe 
IS required to stimulate it , as a residt, the left mtemal 
rectus muscle is over stimulated, and its movement conse- 
quently excessive 

This so called secondary deitation is greater than the primary 
deviation 

This IS demonstrated as follows * whilst the patient is fixing 
some object about a foot from his face, the healthy eye is 
covered uith a screen, when we shall find that the eye that is 
covered will deviate still more than the primary deviation of the 
paralysed eye (Fig 173) 

This difference m amount between the primary and secondary 
deviation is most important, as bemg a distmguishing feature 
beti^een paralytic and concomitant strabismus 

2 Diplopia or Loss of Binocular Stnyle Patients 

come for rehef, not because they notice any loss of movement 
of the eyes, but because they see double, which is due to the 
fact that the images in the two eyes do not fall upon " identical 
pomts of the two retmai , this diplopia inll be m that part of 
the field of fixation to which the paralysed muscle nonnally 
moves the ej e 

In the healthy eye the image will fall upon the macula, and be, 
consequently, bright and distmct , m the affected ej e the image 
wdl fall upon some portion of the retina outside the macula, 
and so will be mdistmct and blurred, and we shall see that this 
so called false image is projected mto space m relation to the 
true image m the same cardmal direction as the healthy muscle 
ould mo^ e the eye 

3 False Orientation of the Field of Vision This is due to 
a false inipresaion of the position of an object m that jmrt of the 
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field of vision tov,ards which it requires an effort on the part 
of the affected muscle to turn the eye Taking the case of a 
patient with paralysis of the right external rectus muscle 
upon asking him (with the left eje occluded) to fix an object 
well to his nght hand side and then suddenly touch it with 
his finger, he will strike wide of the object to the nght hand side 
The explanation of tins phenomenon is that of the mcrease of 
the secondary deviation, in that an object is projected accordmg 
to the amount of nervous eneigy put forth in moving the eye to 
fix it, and since, with a paraljwd muscle, the amount of energy 
IS m excess of the normal, the object is projected too far m the 
direction of action of the paralysed muscle 

4 Vertigo This is an occasional symptom of paralytic 
strabismus when both eyes are open, and depends upon two 
factors, tlie first a confusion due to the diplopia, and the 
second, false onentation When the eyes are directed from the 
position m ivhich the orientation is correct to that in which 
it is false, objects appear to move more or less rapidly m the 
direction m which the e>es are moving, producmg an effect as if 
the patient were spmiung on his feet 

5 Altered Position of the Head So as to overcome diplopia, 
the patient holds his head so that be turns his face m tlie 
direction of action of the paralysed muscle, the effect upon the 
affected eye bemg that the head turns the eye m the direction 
in which the paralysed muscle would turn it when m health In 
the case of paralysis of the nght external rectus, the face will be 
turned to the right 

The Investigation of a Case of Paralytic Strabismus and the 
Diagnostic Value of Diplopia When a patient complams of 
diplopia we must first be satisfied that the diplopia is not 
monocular, a condition seen m certaui cases of astigmatism 
and of opacities m the lens 

We have already spoken of certain directions m which the 
eyes are moved as bemg cardinal, that is, up, down, ui, out, and 
when we consider the vanous extraocular muscles, wo seo 
that each of them moves the eye mainly in one of these direc- 
tions, and we can, by turning the eyes m various directions, 
cause the % anous muscles to act mamly os literal turners, as 
elevators or depressors 
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The external and mtemal recti act purely in the horizontal 
direction, and the superior and inferior recti can be made mto 
almost pure elevators and depressors by causmg the eyes to 
turn 27'^ outwards before they are brought mto pla 3 Agam, 
by turmng the eyes mwards, the supenor and infenor oblique 
muscles can be made mto almost pure elevators and depressors 
thus we are able to resolve diplopia mto honzonial or lerttcal 
When the images are separated laterally, so that the nght 
image belongs to the nght eye and the left to the left eye, the 





i xw. Paralyse of »n Abductor ^ 

diplopia n> spoken of as homonymous, but if the left image 
belongs to the right eye and the right to the left, it is called 
heleronymoiis or crossed dtplopio 

The Production of Homonymous Diplopia If the right eye 
turns inwards convergent strabismus the image falls upon 
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a point of the retma internal to the macula It la, therefore, 
projected to the nght in the direction /, so that comtrgent 
strabisimis produces homonymous dtplopia (Fig 174) 

The Production of Heteronymous or Crossed Diplopia If the 
right eje turns oxitvrazds, thoimaQeoS the object falls on a point 
of the retina outside the macula It is, therefore, projected to 



the left, to jiosition/, so that a du&yen/ s/rahiSMeis produces a 
crosse/l diplopia 

Therefore paralysis of an abductor muscle produces homon> 
IUOU3 diplopia, whilst paraljsis of an adductor produces crossed 
diplopia 

lu a similar way with paralysis of an elevator muscle, the 
false image lies on a higher level than the true image , in 


2J0 ilUSCDLAR ASOZIALIES 

paralj-sis of a depressor muscle, the false image lies belmi 
the true image 

The diplopia will mcrease the more the ej es are mo\ ed m the 



Fro ttO Farstysis of an Erevaior 
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direction of the physiological action of the paralysed muscle, 
and it IS by findmg the direction of maximum diplopia that the 
particular muscle involved is recognised 
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Actions of the Muscles The external and internal recti 
muscles act m a horizontal direction, and, as a consequence, 
the maximum diplopia la produced when the eyes turn m a 
horizontal direction towards the paralysed muscle 

The superior and inferior recti musclesbececie^lire elevators 
and depressors (without ad<Juction or torsi^) when turned 27® 
outwards, and so maximum vertical diplopia is produced when 
lookmg up and out or down and out respectively 

The inferior oblique and superior oblique muscles become 
simple elevators and depressors when the eyes are turned 
strongly mwards, and maximum vertical diplopia is produced 
when lookmg up and m and down and in respectively 

Muscles may be grouped mto a senes of six pairs, each 
pair consistmg of “ true associates 

1 Muscles moung Ike eye laterally 

(o) To the right 

Right external rectus 
Left mtemal rectus 

(6) To the left 

Left external rectus 
Right mtemal rectus 

2 Muscles moung the eyes upwards 

(o) With the eyes turned to tlio right 
Right superior rectus 
Left inferior oblique 

(6) With the eyes turned to tlie left 
Left supenor rectus 
Right mfciior obhque 

3 Muscles moung ike eyes dowmeards 

(а) With the eyes turned to the right 

Right mfenor rectus 
Left supenor oblique 

(б) With the ejes turned to the left 

Left mfenor rectus 
Right supenor oblique 

To Find the Direction of Maximum Diplopia. A dark room 
IS essential, about 15 feet long A red glass is held before the 
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right eye, and a green before the left, so that the images 
belonging to the two eyes may be readily recognised. The 
head la kept stationary, and a lighted candle is moved about 
the bmocular field of fixation The positions of the images 
are marked upon a chart such as this 


THE PATIENT LOOKS 


Upioards to the 
Left 

Uptearda 

Upicarda to the 
Right 

LEFT 

SUPERIOR 

AREA 

SUPERIOR 

JIEDIAN 

AREA 

RIGHT 

SUPERIOR 

AREA 

To the Left 

Straight ahead 

To the Right 

LEFT 

EXTERNAL 

AREA 

PRIMARY 

AREA 

RIGHT 

EXTERNAL 

AREA. 

Doumwarda to the 
Left 

Downward^ 

Doumuards to the 
Right 

LEFT 

INFERIOR 

AREA 

INFERIOR 

MEDIAN 

AREA 

RIGHT 

INFERIOR 

AREA. 


Fig 178 (Maddox) 


If, for instance, maximum diplopia occurs when the patient 
looks upwards and to the right, the condition must be due to 
paralysis of the right superior rectus muscle or the left inferior 
obhque muscle, and smce we only consider the diplopia m the 
cardmal directions, any error that might be mtroduced by a 
pre existmg heterophoria is ehminated 

It remains now to distinguish which is the affected eye , if 
upon covermg the right eye the higher image disappears, the 
right superior rectus muscle is paralysed, whilst if the higher 
image disappeais when the left eje is covered, then the left 
inferior oblique is the muscle at fault (Figs 176, 177) 

Concomitant Strabismus This is the form of strabismus 
more commonly met ^vith, and ftom the pomt of view of 
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refraction, as the more amportant, as we shall see that tlie 
refraction of the eye has considerable bearmg upon the origin 
of strabismus The peculiarity of concomitant strabismus is 
that the squintmg eye is able to follow the movements of the 
other eye m all directions, the angle of strabismus remaming 
the same size 

Wo saw in speaking of paralytic strabismus that the 
secondary deviation was always greater than the primary 
and we also saw how the test was apphed The same test 
apphed to a case of concomitant strabismus shows that the 
secondary deviation is always equal to the pmnary dev lation, 
and this test is most important m distmguishing these groups 
of strabismus 

Apparent Strabismus There are two conditions that give 
the appearance of strabismus when none exists 

The optic and visual axes rsroly rom ride Ujc optic axis, 
that IS, the axis upon which the refractive media of the e>e aro 
centred, passes approximately through the centre of tlic pupil, 
and so through the centre of rotation of the eye, whereas the 
visual axis joining the pomt of fixation and the macula, cuts 
the optic axis at the nodal pomt so as to make a small angle 
If this angle is w ell marked, as m cases of high hypermetropia 
and myopia, the appearance of strabismus is simulated The 
matter has been discussed in considenng the angle a, and when 
the optic axis cuts the cornea to the temporal side of the visual 
axi s, the angle a is said to be positive, and a condition of 
d iveigent s trabismu s is simulated, wherpn.q wben fhc np ftc axis 
cut s the compa to the nascl side of the visual axis tlio angle a is 
sa id to be negative, and the conditi on pf rnnrpr^pnfr, R^fibistniia 
a ppears _ 

The second condition produemg apparent strabismus is when 
the ey e 18 not placed m the palpebral fissure midway between 
the internal a nd extemai canthi Such a state is most 
niitrkgfily sftpn in c.t&p ff nf.epitTauthuS, wh en a fold of skui passes 
from the inner end of the eyebrow to the side of tho nose, 
covering the mternal canthus Both tho eyes now appear to 
be nearer tho inner end of tho palpebral fissuro than tho outer, 
and if one ojo bo moved so as to place it m the middle of tho 
palpebral fissure, the other eje, follow mg it, will appear to bo 
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partly covered by the inner cauthus, and the condition of 
convei^ent strabismus will be closely simulated 
Varieties of Concomitant Strabismus. These are named 
according to the deviation of the sqiuntmg ej e . 

Strabismiia coniergens, when the eje deviates m 
Strabisnms dnergens, when the eye deviates out 
Strabismus sursum tergens, wJien the eje deviates upu ards 
Strabismus deorsum tergens, when the eye deviates dmvn- 
wards 

The commonest form of concomitant strabismus is con- 
\ergent, the next divergent, whereas vertical deviations are 
comparatively rare 

Convergent strabismus is usually associated with hyper- 
metropia, and ^vergent with mvopia_ CA . ^ 

The squint may be periodic or “constant, and, if constant, 
either tnonocidar, that is, the same cje usually deviates whilst 
the other fixes, or alternating, u hen either ej e may fix dependmg 
upon circumstances In altematmg strabismus the eyes havo 
the same or no error of refraction, and the visual acmty of each 
eye is the same When convei^eot, the right e}e fixes the 
left field and the left eye the right field until the object is 
obscured by the nose, when the left e^e fixes the left field and 
uce tersd 

In divergent altematuig strabismus, the right eje fixes the 
nght field and uce lersd 

In monocular squint, the squmtmg eje nearly alwajs has 
a higher error of refraction than the other ej e, and, partlj’ on mg 
to this the vision m the squmtmg eye is always poor In 
altematmg strabismus the vision m the tn o eyes is equalij good 
When a case of strabismus presents itself, our first duty is to 
find out the tj^ie of case, whether paralytic or concomitant, at 
the same time rulmg out the cases of apparent squmt 

The tests for paralytic strabismus havo already been 
mentioned, so that havmg chmmated paraljsis, nc can apply 
further tests for proving that the case is one of concomitant 
strabismus Ask the patient to fix the finger which is held 
about 3 feet from bis face , cover the right eye, the left eje 
will now fix the finger, and then rapidlj cover the left eye, 
uncovermg the right If the right eye mo\ e in anj* direction 
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so as to take up fixation, then there la a true strabismus, as 
the right eye must have been looking in some direction other 
than that of the finger whilst it was covered In this 
way we may ehminate paralytic and apparent strabismus, 
smce m tlie latter condition the eyes will remam qmte motionless 
durmg the test That the secondaiy deviation os equal to the 
primary can easily be proved by covering the eyes alternately, 
and notmg the deviation of the screened eye The power of 
movement of the eyes in various directions should be exammed , 
as some deficiency in the power of moving an e} e outu ards that 
iias a convergent squint is not infrequently seen 
Diplopia 13 aluajs a symptom of paralytic strabismus 
(provided the visual acmty be sufficient), whereas in con 
comitanfc squuit it is practically never present This is due 
to suppression of the image in the squmtmg eye A high 
degree of ametropia when present assists m the suppression 
of the image ui the squinting eje 
Concomitant strabismus always begins m early childhood, 
over 70 per cent before the fifth jear, and the greater majority 
about three years of age 

Causes ot Concomitant Strabismus The cause of concomitant 
strabismus is not a settled matter Nevertheless, so that a 
rational treatment may be undertaken, some hypothesis must 
be formulated to act as a foundation 

1 A iach of CO ordtnation between accominodatwn and con 
tergence The first step m pomting to a method of treatment 
of concomitant strabismus was an observation by Dondere, that 
conv ergent strabismus was often associated w ith hypermetropia 
We have seen that there is a very defimte relation between 
convergence and accommodation 
Take a pair of emmetropic eyes and a pomt of fixation m the 
middle lino at a distance of 1 metre To see this object clearly 
requires an effort of accommodation of I dioptre, that is, tiio 
cihary muscles must, by their contraction, add the equivalent of 
1 dioptre to the ciystallme lenses The ejes have also to make 
a movement of convergence, and the angle through which each 
e^o moves is known as a Thus the impulse 

associatmg convergence and accommodation for an object 
at a distance of 1 metro produces 1 dioptre of accommodation 
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and 1 metre angle of convergence , at half a metre, 2 dioptres 
of accommodation and 2 metre angles, and so on m a constant 
ratio 

Now, in the case of hypermetropia, the patient has, first of 
all, to Correct hia hypermetropia by an effort of accommodation, 
and, if he fixes an object at a distance of 1 metre, to add jet 
another dioptre to the erystallme lens, so that if he have 
4 dioptres of hypermetropia, he will have to exert 6 dioptres of 
accommodative effort to 1 metre angle of convergence, and, as 
It were, suppress 4 metre angles of convergence Apart from 
any other consideration, the maintenance of so much accom 
modative effort is very fatiguing, and when associated with a 
further effort to prevent too much convergence, may lead to a 
breakdown in the preservation of accurate accommodation, 
or m the mamtenance of a suitable convergence of the visual 
axes The result may be that the patient converges for a point 
nearer to him than that for which he accommodates, thus 
producmg a convergent strabismus 
A consideration of this argument will show how important 
it IS to correct fully any hypermetropia present in cases of 
convergent concomitant strabismus 
A similar explanation connects myopia with divergent 
concomitant strabismus, as there is a want of balance between 
the efforts of accommodation and convergence Take, for 
instance, a myope of 10 dioptres, whose punctum remotuni is 
therefore 10 cm from his eyes he will require 10 metre angles 
of convergence to see an object at such a distance with the 
accommodation in a state of rest This puts a great stram 
upon the convergence, and the result is that the patient con 
verges for a pomt farther from him than the pomt for which 
the eyes are accommodated, thus producmg a diveigent 
strabismus Agam we see the importance of correcting 
myopia m cases of divergent strabiamus 

2 Am/ condition, such as onwowetropto. amblvavta, opacil ica 
the media and so on, thai causes the \tsual acuity oj 
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req.uired, not only to correct the error of refraction, but to 
improve the vision of tho eye of less acuity so that the stimulus 
of diplopia may cause proper convergence Further, the super 
position of an mdistmct image m one eye (such as occurs m 
anisometropia) upon the sharp image of the eje ivifh better 
visual acuity, causes discomfort and infusion , the patient 
tends to suppress this mdisfinct image and may turn tlie eye 
so that the visual axis is sheltered by the mter position of tho 
nose, as may occur in convergent strabismus 
3 Pefect of the fusion factUty and of innerialton When an 
object IS observed so that the images fall upon the macula of 
each eye, that object appears smgle, owing to a cerebral process 
whereby the two retmal images are fused mto one eo called 
binocular single vision 

This power vanes with different individuals bemg more 
developed m some than others, so that whereas some can so 
combme the shghtly different retmal unages as to produce a 
form of rehef spoken of as stereoscopic vision others have 
merely simultaneous vision m each eye without its being 
stereosco]uc 

It is suggested that when this power of fusion is poorly 
developed anythmg that upsets the balance of action of the 
extraocular muscles, which preserves tW normal relative 
position of the eyes, will cause a concomitant strabismus 
Such a factor may be found in on error of refraction or some 
ac ute illness, such as whooping cough 

Hence we see that after an error of refraction has been 
corrected and the vwion of an amblyopic eye restored, still 
there remains tho necessity of developing the fusion faculty 
by some form of binocular exercise 

Measurement of the Angle of Squint. The ta ngent scale of 
Jladdo^^ontroduced for use with the glass rod test for hetero 
pfioria, IS well adapted for the measurement of the angle of 
squint Tho test is carried out at the distance of a metro, the 
small figures on the scale representmg tho tangents of angles 
subtended at that distance 

Tho patient is seated m front of the hght at the zero mark on 
tho scale, holdmg a tape or stick, 1 metro long, against tho 
check, the other end of tho measure bemg fixed to the scale 
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The surgeon faces the patient Tilth his head just below the 
level of the hght, and about 30 cm from the patient He 
directs the patient to look at vanoiis numhprs nn ttn> smlp nr]til 
t he reflej^of the light is seen m the itikMIp nf fJiA nf 

squmtmg.eve He now knows that the sound eje is de\iatmg 
ciii amount equal to the deviation of the squmtmg ej e when the 
sound eye w as fixing the hght The figure at w hich the patien t 
I S gazmg gives the angle of deviation 



This readmg may be supplemented by testmg for coucorai 
tancy, the angle of squmt being measured with the jiatient’s 
face turned to one side or the other, when the deiiitioii siiotild 
be the same m all positions The secondary denation may also 
be measured by covenng the sound eye and askmg the patient 
to fix the number that measures the angle of the squmt Upon 
suddenly removing the screen, the reflex in this eye should be 
m the middle of the coniea 

Before measuring the angle of a squmt the angle lappa 
should be measured, as has been described elsewhere, and the 
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amount taken into consideration when measurmg the angle of 
the squint 

A rough estimate of the angle of squmt can be obtained in 
tile dark room by observing the position of the comeal refiev 
in the squinting eye, caused by reflecting light into the eje 
with an ophthalmoscopic mirror If the reflex occupies the 
margin of the medium pupil, there are 15° of squmt, whilst with 
the reflex at the margm of the coniea there is a squmt 
of 45“ 

Treatment of Infantile Strabismus Only a short outline of 
the methods adopted can be given here 

1 We have seen the frequent relation between convergent 
concomitant strabismus and hyjtermetropia, and between 

^ divergent strabismus and myopia Consequently, it is of 
tlie greatest importance to correct with glasses any error of 
refraction 

The accommodation is thorougWy paralysed by the use of 
atropmo apphed to the eye thrice daily for at least three dajs 
At the end of that tune the refraction of the eye is detennmed 
by retmoscopy 

Lemes that correct the whole of the astigmatism and all but 
1 D of the hypermetropia are ordered for constant use and the 
use of the atropmo is contmued for the first week that the 
glasses are used, but no longer 

2 If the vision of the squmtmg eye is below G/36, contmuous 
occlusion of the fixing eye for se\eral weeks followed by 
occlusion for half to one hour three or four times dailj 

3 The instillation of atropmo mto the fixing eye once daily 
By this means the patient uses the fixing ej e for distant \ ision, 
and the squinting eye for near vision 

4 When the vision m the squinting eye is so far im jiroved 
tint the child can alteniately fix woth either eye, it is advisable 
to attempt a cultivation of bmocufor iisiou by orthoptic 
exercises 

In children under six years of ago these exercises are earned 
out irith some form of stereoscope with simple pictures ui the 
first instance, followed by carefully graded exercises with 
pictures w inch are more difficult to fuse 

6 For cases m winch the deviation is not overcome bj tiio 
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means mentioned above, the deformity may be corrected by 
operation 

Heterophona We have seen that m strabismus there is a 
d^ation of the two visual axes w hich is manifest Besides 
mani fest sgumta, there are certam Jaten t devi atjons yJuc h may 
be m ade manliest by special tests which di ssociate the t«o 
eve s ^ — — 

A latent squmt is prevented fiem becoming a manifest squmt 
by the effort so to regulate the deviation of the visual ases that 
smgle vision is mamtamed If now, instead of allowing the 
eyes to fix one object, ^ve produce an artificial diplopia, so as 
to render fusion of the two images impossible, or cause the tn o 
eyes to fix two different objects at tlie same pomt in space, 
then any tendency to squmt wiU become manifest, and we shall 
be able to study the direction m which the deviation takes 
place This is called “ dissociation nf tbi=» />yp«> ” and may 
be brought about by vanous methods, the one most commonly 
used bemg that m which one eye fixes an object, usually a pomt 
of hght, and before the other eye is placed a device which so 
alters the appearance of the pomt of light that the images m the 
two eyes cannot be fused 

There is a well known co-ordmation between the functions of 
accommodation and convergence, and we have seen that for 
each dioptre of accommodation there is a movement mwards of 
each eje through 1 metre angle Although this relation is 
intimate it will be found that the experiment of dissociatmg the 
t« o ej es dnrmg fixation of a distant pomt will shoa a tendency 
on the part of the eye which is partially occluded to deviate 
mwards or outwards to a shght degree. If the object b e 
brought gradually from a distant po mt to a nearer one._Lh e 
c nnvprfTcnce does not keep pace with tiie accommoda tion, 

K o that the pnrtiallv occl uded eve will have deviated out - 
w ards thro ugh 3° or thi s condition is physiological, and 
ivill be pre sent in the gre at majority of indiv iduals Timhou t 
produemg anysymptomi it is only when tnis deviationiB 
of a high ne^e tna t symptoms are produced, a nd m som e 
a temporary mauifes t squint is prbddc ^ ^hen luHiviffiial 
13 fa tigued 

Orthophoria is the term apphed to perfect muscle balance 
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Bderophona is the te rm applied to all conditions of^ lateiit 
dev iation, produced by t^ts which re nder sin g|te hmo niilar 
vision impossible T-lie deviation may be m a variety of 
directions, U2)irards, doivnirarda, inwards, outwards, or m 
some^ mtermediate direction, which we resolve mto its two 
elements, each of which is described separately , thus latent 
deviation up and out is resolved mto so many degrees upwards 
and so many outwards 

We have considerable control over our power of convergence 
of the visual axes, and also to a less degree over our power 
of divergence, we have, however, practically no power of 
elevating or depressmg the two eyes independently, and it is 
as a result of this that latent deviations m the vertical meridian 
cause more symptoms than those m the horizontal meridian, 
and are, therefore, of much greater importance Latent 
divergence is spoken of as exophoria, latent convergence as 
eaophoria, latent vertical deviation as hyperphoria 

One of the early tests was to moke an mdividual fix a pomt 
of hght, or a dot on a card, and to place before one eye a prism, 
base up or dowm, so that the object iras doubled in a vertical 
direction , if now one image moved to one side of the other 
It was proved that the eye, m which that imago w as formed, had 
deviated m the horizontal direction The amount of deviation 
was measured by the prism which, base out or m, brought the 
two dots one above the other 

The simplest and most rapidlj performed test is that carried 
out with the A laddox rod and tangent scale 

The tesrSepends upon the distortion produced w'heu a pomt 
of hght IS seen through a strong cylinder, which mahes the spot 
of light into a iino of light If this cylmder be held before 
one eye, say, wth its axis horizontal, a a ertical Ime of light 
will bo seen by the eye, whereas the other eje sees the point 
of light m ita natuml conditi on , m this way the unages are 
bo different that the e^es are dissociated, and take up a position 
of rest 


The ongmal apparatus consisted of a single rod of glass 
mounte d hoforo a stenopeic slit^ In more recent models, 
however, it consists of a senes of pieces of red gloss rod 
arranged side by side over the opemiiig ill a disc Of VUlcoHite. ou 
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which should be marked, with hnes, the axes that are parallel 
to and at right angles to the rods 
The other portion of the apparatus consists of a vertical and 
horizontal tangent scale, crossing each other at the zero mark 
On the scales are marked in large figures the tangents of the 
angles subtended at the eye at a distance of 5 metres (See 
Fig 179) The figures above and to the right of the zero mark 
are m black those below and to the left m red There is 
also prmted along the horizontal scale a senes of small figures 
representmg the tangents of angles subtended at the eje at the 
distance of 1 metre At the zero mark is a pomt of light, 
usually an electnc bulb contamed m a box, m front of uhich is 
a diaphragm, the aperture of which may be \ aried m size 
Tlie patient is seated m front of this scale with his eyes on a 
level with the source of light and immediately opposite it , 
a trial frame is placed m position on Ins face with the glass rods 
before the right e}e tbeir axes horizontal The patient 
wears Ins correctmg lenses, and care must be taken that the 
head is held upright, and that the patient looks qmte normally 
through the glasses 

The patient is asked to state through whicli figure the red 
line of bght passes If, for instance, he says through the red 
figure 3, then we know that he has crossed diplopia, and, 
consequently, that the right eye has deviated outwards, and 
if a pnsm of 3° d be placed, base mwards, before the right eye, 
that the streak will probably pass through the source of light 
It will be found however, that horizontal de\ lations vary a good 
deal, and at one moment the red Ime will be projected to the 
red figure 3 and at another to 5, and so on 

A confirmation as to the correctness of the patient's state- 
ments IS easily obtamed by placmg a 6^ d prism, base m, before 
the left eje, when the red streak, previously at the red 3, will 
now pass to the black 3 

The roads are now rotated so as to be at right angles to their 
previous position, the streak beconung horizontal m direction , 
we now ask the patient if the streak is abo\ e or below the hght 
In the great majority of patients the red strealv will pass 
almost exactly through the source of light If, however, it 
hes above the hgbt, the right eye is deviated downwards, and 
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if below, there rs a deviation of the nght eye upw ards When 
speaking of hyperphoria we always indicate the eye that has 
moved upwards, so that if the red Im© is above the light there is 
left hyperphoria, and if below the hght, nght hyperphoria the 
deviation of the eye being m the opposite direction to that of its 
false image Again, the figure through which the red Imo 
passes indicates the angle of deviation of the prism, which, 
suitably placed before the eye, will correct the deviation of 
the eje 

Now heterophona may be paralytic, and, therefore, it must 
not be assumea that every case of heterophoria is concomitant, 
and care must be taken to prevent such a mistake The test 
depends upon the fact that in concomitant squint the primary 
and secondary deviations are equal, whereas m paralytic 
squmt the secondary deviation is always greater than the 
primary donation , we therefore perform the test for hetero 
phoria with the head in different positions 

The eyes should also be tested for heterophoria at 25 cm * 
and Ddaddos has designed an apparatus for Ins purpose called 
the wing test for heterophoria With lenses that correct botli 
ametropia and presbyopia the apparatus is held before the eyes, 
and so that the patient s accommodation for 25 cm should be 
ensured the patient should be asked to read the small prmt 
below the scale Tlie arrow points to tlie figure or letter that 
mdicates the angular deviation of the prism that will correct 
the defect 

As m the distance test, when the apparatus is so arranged 
to discover hyperphona, the arrow m the great proportion 
of cases passes through the zero, but it is usual to find exoplioria 
that may be as high as 8® d, and still bo within plijsiological 
limits In fact, it is difficult to fix the luuit betivcen physio- 
logical and pathological cxopliona, and other factors must be 
taken into consideration in deciding the point, such as muscular 
asthenopia and the rest 

It 13 important to know, before wo speak of the treatment 
of heterophoria liow much poner a giien individual has of 
suppressing an artificially produced diplopia, and this pou cr is 
spoken of as tho “ breadth of fusion ” 

In the case of hyperphona tlie test is easily apphed and is 



264 


MUSCULAR A2^0MALIE8 


measured by finding the strongest prism, base up, and the 
st rongest, base down, which can be held belore an eye with 
Jiyperpliona^vitnout prouucmg oipiopia. nan tiie cunerence 
betne^ ilie pnsma is the measure ol the true hyperphoria. 

The test cannot easily be carried out in deciding the 



Fio 180 Hus instruxQeDt IS designed to todJcat« the iDuecIobBlanco 

when mbject«<l to reading conditions. It contains no lenses or 
pnsms and should be held at tlie usual reading angle. The 
visual fields are separated horizontally or vertically as requiiw 
by wing screens. It tnaasures esophona and exophona {wim 
either eye accommodating), hyperphoria, with specially designed 
charts for each. By using it m conjunction witli the trial frame 
or patient’s spectacles any want of co ordmation 
accommodation and coni'ergence is easily detected and 
measured. 

“ horizontal breadth of fusion ” in the same way, and a ^cifll 
device, the prism verger, has been introduced for this purpose , 
it is an mstrument that can also be used in measuru^ the 
“ vertical breadth of fusion.” 

The prism verger consists of a £rame, in which are niounteo 
two prisms, each of 6® d deviation, so that they may simuh 
taneously be rotated in opposite senses by turning a millw 
head. One of the prisms is permanently attached to the toothed 
disc which bears it, but the other can be slipped out of its 
fitting and reintroduced the reverse way. The object of this is 
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to make the instnunent available, not only for horizontal 
vergence, but also for verticjJ. A celluloid arc, graduated in 
degrees, surmounts each prism. The markings on each arc 
relate, however, not to one prism only, but to the two jomtly, 
one are being used for horizontal vergence, and the other for 
vertical vergence. 



To Measure the Horizontal Vergence Power. Start with 
both prisms edge^p, with their indices pointing to zero ; the 
visual axes experience no lateral deflection. Direct the 
patient’s attention to a distant candle flame, say, at 6 metres, 
and rotating the milled hea d count er-clockwise, which causes 
the edges of the prisms each to rotate outwards, which causes 
divergence of the visual axes, ask Jiim to notify the first appear- 
ance of diplopia. At this point read olf the result, ^vhich gives 
the patient’s prism diverging in distant vision. 

Next, rotate the mi lled b ead in the opposite direction, and in 
a similar w^ay discover the patient's prism converging power. 
In making the convergence test tlie patient should signify 
the moment the distant object appears double, otheniiso the 
test becomes one merely of the total convergence rather than 
for tile relative convergence during occommodation for tlie 
distance. 
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To Measure the Vertical Verging Power. Remove the 
reversible pnsin and reintroduce it base upwards and rotate the 
nulled screw until both edges pomt to the left Xou rotate 
the milled head counterclockwise until diplopia is noticed 
This causes artificial elevation of the right e>e above the left 
eye Rotation of the milled head m the opposite direction will 
cause artificial elevation of the left eye above the right, and 
m each case the amount of prism divergmg power can be read 
off on the scale 

All tests for beterophona should be carried out while the 
patient is wearmg the lenses that correct his ametropia, since, 
as we know, the efforts of accommodation and convergence 
are so intimately connected that the amount of csophona or 
esophona may be very different if tbe test is earned out whilst 
the patient wears his correction on the one hand, and without 
his correction on the other 

We should first measure the deviation with the glass rod and 
tangent scale, and decide m tbe case of hyperphoria by con 
ductmg the test with the head first lookmg straight forward, 
and then tilted forwards and then backwards, whether the 
condition is concomitant or paretic In esophona or esophona 
the test IS repeated with the bead turned fixbt to one side and 
then to the other The amphtude of convergence should be 
noted Then the beterophona should be measured at 25 cm , 
the patient if necessary, wearing Im presbyopic conection 
The prism duction should next be measured, chiefly to 
determine, m esophona, if it reaches its normal limit of 4® 
Treatment Hyperphoria for the reason that we have httle 
power over the v ertjfat nevia iinna nf the.f>yR, is not only more 
likely to lead to symptom s but also is the latenTdeviatiou of 
the eyes that requires treatment and conection The discoverj 
of a hyperphoria does not mean that prismatic glasses should 
necessarily be presenbed It is only when it gives n &o to 
symptoms that it should be collected We must also reme mber 
tha rsometimps a small error causes considerable discom fort, 
w hereas an error as high as 4° d may cause no tro uble 

If the byperphona is paralyitc the treatment should be m the 
direction of strengtbemng the musde that is weak by exercises 
and such general treatment as the case may suggest The 
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exercto es Piay be earned out by making the weakened m uscle 
e xert itself against the action of a weak pri sm Tims, suppose 
there to be 1° d of nght Jiyperpljona when the eyes are directed 
to the horizon, "vse sh^d order s»,-k ‘^d prism, base up, hetbre the 
right eye T}i5 glass should oniy he worn f or short periods, 
say three periods of halt an hour each day Circular pnsios, 
moxmted m frames similar m prmci^ to the Maddox prism 
verger, may be used, each base directed to the right, but one 
a httle upwards, and the other a little do%vnwards, the prism 
which has its base to the nght and slightly upwards bemg 
placed before the eye with hyperphoria With such art 
apparatus the strength of the prism can be varied on altermg 
the position of the pnsms 

In concomitant hyperphoria prism exercises do not ap^iear 
to be of permanent value, and the treatment m contradistmction 
to exercismg pnsms is by relieving pnsms Tliree quarters 
of the hyperphoria measured by the distant test should be 
corrected w ith pnsms evenly distributed before the two eyes, 
so that in right hyperphoria the right prism should be base 
down and the left base up As, usually, only w eak prisms are 
required, the effect may be produced by dccentcring the lenses 
worn for any error of refraction 

InsufficieTicy of Coniergence and Horizontal Deiiatio}is 
Before speahmg of the treatment of horizontal deviations of tlie 
eye, it is convement to describe the condition m which there is a 
lack of power of convergence, although the matter is not tnil> 
a part of beterophona 

The average ampht ude of convergence is usually 16 m etre 
ang les, and metre angles are often founds For vision to be 
used contmuously at 25 cm with comfort, there must be an 
amphtude of at least 10 metre angle s In some cases, especiallj 
111 mjopia, the absence of accommodative impulse at near 
ranges leads tn an insui^/eney tfS the p&ner eS eenvergeiiee 
in liigh myopia the great size of the globe als o hampers con 
v ergenco. 

When the movenn-rts ui vanous directions are examined, no 
lack of power to move the eje is found, no weakness of the 
mtenial rectus muscles It is only when they are used together 
so as to brmg tlio visual axes upon a near object, that diffitiiU^ 
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IS experienced , it gives use to tiredness of the ejes when 
reading and is one of the causes of muscular asthenopia It 
must also be borne m mmd that patients with a broad base 
line will have a greater difficulty m converging the visual axes 
than those whose eyes are nearer together, a pomt of importance 
in ordering the coixectmg lenses for near use m cases of 
jiresbyopia 

The condition is a functional one, and must avoid 
rehevmg the normal function of the mtemal rectus muscles by 
the use of prisms wherever possible, as the condition is likely 
to mcrease m severity, so that as tune passes stronger and 
stronger prisms will be required to correct the deficiency 

In yoimg people {who have no presbjopia) the lenses 
coixectmg an error of refraction are worn, and exercises 
performed which ^rlll tram the conjugate innervations, which 
may be ^ ell compared to the techmcal finger exercises used by 
pianists and violimsts , these are exercises not so much to 
strengthen the muscles of the band and forearm, as muscle 
relaxation exercises of opposmg muscles, leading to skill m the 
performance of various evolutions They consist m holding 
before the eyes m the mid Ime, a bright object, such as a 
polished gold bead on a suitable holder and gradually brmging 
the object nearer and nearer nhilst the e\es converge their 
visual axes so as to maintain smgle vision As soon as diplopia 
18 produced the object is returned to its previous distance, 
at about an arm s length, and the exercise repeated This 
should be done a dozen times, three tunes a day, but fatigue 
siiould not be produced If faithfully performed there is 
usually a rapid improvement, but the difficulty is often to 
persuade the patient to perform wliat are rather dull and 
unmterestmg actions 

In older patients who are presbyopic, great care must he 
taken not to prescnbe glasses that make the puiictum proximum 
lessthan22cm , tfaeirpowerofconvergenceisalreadyreduced, 
and by havmg to hold their book unnecessjwilj Uvur to the 
eyes, great discomfort is produced It is a mistake commonly 
made, and the student should be warned to be careful Exer 
cises will not be found of value and, therefore, help must be 
given to produce comfort If the^atient has a vide base Ime, 

/ 
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ehghtly \<eaker glasses than those that bring the punctual 
proximum to 22 cm should be prescribed for near use, and the 
patient encouraged to hold his book a bttle farther from the eyes 
The same manceuvre is of value m others with convergence 
insufficiency' la some, prisma, base m may he ordered, 
combmed with the reading lenses, care hemg exercised only 
to use prisms sufficiently strong to produce comfort 

In the treatment of horizontal deviations Me have, in the 


first instance to remember that wlien one eye fixes an object 
at a distance of 25 cm , the otjier eye, occluded by a screen, 
normally deviates outwards 4®, and m many, up to 8°, without 
causmg discomfort, and special care should be taken never to 
correct horizontal errors miless symptoms call for it 

Horizon tal deviations are corrected by nrisms placed before 
t he eves, base in. m tlie case of exonhona a nd base out, sii the ^ 
ca se of esophon a 

All forms of heterophona, as wo have seen, may be reheved by 
the use of prisms, but the same effect may be obtamed by the 
suitable decentering of lenses T his will be annreciatcd when 
it IS reniembered that a con^ ^^ two prisms 

pl^ed base to base, and a concave lens two_piisna&-placed apc\ 
to 'lapex (higs au, ^l), and also that a convex lens appears to 
displace objects against the direction m which it is mo\ed, 
whereas a concave lens appears to displace objects in the same 
direction as that m winch the lens is moved Consequently to 
correct a heterophoria w^ dis^ace 'convex lenses agamst the 
deviati on a nd conca%e lenses with the deviation discovered by 
tests 


INDEX 


Abb< refractometer, 47 
Aberration. chroiUiLtie. 61 
spherical, positive, 203 
negative, 204 
Xcctnnmobation, "li 
amplitude of, 63 

m emmetropes, m>opcB and 
hyperznetropes compared, 62, S4 
m hypermetropia, 111, 112 
relation of hppermetropla to, 114 
and convergence, dissociatinn m 
myopia, 100 

functions of, co ordination betveen, 
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lack of CO ordmatioQ between, 
causing concomitant strabismus. 
245 

causing eye to become relativel/ 
myopic, 9S 
changes Tnth age, 64 
due <0 contraction of cdiary mQscfe, 
76 

efiect on anterior chamber. 79 
on ciliary muscle, and cdiary 
processes. 78, 79 
on lens, 70 

forced pn^nced by phjaostigmme, 
73 

impossible after removal of lens in 
operation for cataract, 74 
m cat's eye after passage of needles 
into anterior choroid, 76 
in hypenuetropia 89, 111 
in myopia, 89 
measarement of, 82 
mechsiusiii of, 76 
paralysis of, 136 
accompanied by micropsia, 136 
causes, 137 

physiological, and physical, m 
pteabyupia, 136 

plane of iris bulging forward dufing. 


75 

power of, lost at presbyopia, 90 
measurement cn, 82 
methods for, 82, 83 
measarement by distance 
erroneous, 83 

lost with advancing years, 134 
See also Pretbyopuj 


Accommodation — conlmueJ 
range of, 72, 82 

region or range di^enag in 
emmetropes and bypennetropes, 

relation to convergence, 100, 113, 223 
absent in myopia, 100 
relative, 226 

curves of, chart shoving, 230 
relaxed, physiological tone of ciliary 
muscle in, 142 

reserve amonnt for readme at 33 cm., 
135 

spasm of. 137 

synchronous and equal in both eyes, 
80 

use of, by hywrmetropes, 109, 110 
vesknees of. following severe illness, 
137 


in early stages of glaucoma, 137 
Afbinoi; pnpi3i of, US 
Amblyopia causing concomitant 
strabismus, 246 
Ametropia, 67 
basu of test for, 62 
cunature, TanaUoaa la 
magnification, 169 
See alM Astigmatism 
axiBl,Tariatic>asof Tisualanglein, 169 
Angle, apical, 22 
criticsi, 16 
of emergence, 20 
of incidence, 16, 20 
of mmimnm deviation, method of 
marking prisms by, 22 
of refraction, 16, 20 
0.63 

m hypermetropia, 112 
marfcM. causing apparent 
strabismus, 64 


m myopia, 99 
negative, 64 
positive, 64 

size compsryd in hypirmetropia 
aad myopia, 64 
r.6A' 

2 measarement of, 64, 63 

aals, certam brii^ht reflex of eyes 
/ of, in dusk, 143, 144 
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Anindia, bngbt reiiex in dusk resutiiag 
from, 144 
Amsometiopia. 129 
causing conconuUnt strabismus, 246 
eye properly focussed in, ISO 
higher degrees of, alternate use of 
eyes in, 130 

mode of vision m eyes o&ected with, 
130 

Anterior chamber, effect of 
accommodation on, 79 
Aphakia, 131 
contact lenses in, 133 
correction of, ISi 

following extraction of cataract, 131 
formulse for anterior and posterior 
foci m, 131, 132 
producing hypermetropia, 107 
Aaneona humour, index of refraction 
of. 37, 48 

Are centune, 22, 23 
Asthenopia, accommodative, 114 
Astigmatic fan, use of, m decidmg 
presence or absence of low degrees 
of ssttgoiatism, 127, 12S 
surface, refraction by, 119 
Attifmatum, 71, 117 
against the mle, 121 
following extraction of cataract, 
133 

amount of, not affected by position of 
retina, 119 

appearance of optic nerve head ut, (60 
best combinations of sphere and 
cylinder in, 218-221 
compound, 122 
tomeai, 117 
definition, 179 
degree of, estimation, 123 

by “ fogging ” of vision, 128 
by Dphthalmometer, 124 
by Placido's disc, 124 
by retmoscopy, 127, 128 
diagnosis, 167, 168 
illumination of fundus m, 202 
irregular, cause of, 138 
correction of, 128 
refraction ^ arying in, 21 1 
' scissors ” movements m, 211 
measure ol, 122 
mixed, 122 

observaLon of band of light in, 210 
of lens, 118 

position of tnendians in, oorreclion 
of. 209 

JTgiiUr, 72, H7 

appearances of, 209-211 
ciinKal varieties of. 121 


Astigmatism — conlinued 
regular, curvature of cornea in, 214 
result of, 120 
simple, 121 

via^l disturbances produced by, 122 
with the rule, 121 

Aliopia, alkaloid of, m yellow vaselme, 
in myopia of children, 102 
Atropine, action, cycloplegic and 
mydriatic, 133 

appheatum m hypermetropia, effects 
on vision, 116 

estimation of total hypermetropia in 
ehiidren under, ]16 
objection to use, 139 
ointment of, 139 

precaution as to tune of usmg, 139 
use of, why preferable, 139 
sulphate drops in myopia of children, 
102 

watery solution of, 139 

Bass apex line of square prism, 18 
Base line, 323 

B|oa lays, amount of myopia for, 62 
position on retina on viewing 
through Cobalt blue glass, 62 
Breadth of fusion. 264 

horuoDtal and vertical, 
measurement of, 254 
Brficke method of rendering normal 
human eye luminous, 144 
musete of, 77 

Camera, pinhole, diBgraismatK. 
explanation of, 3 

Candle ffame, images of, obsened on 
cornea and In pupil, 39 
Cataract, extraction of, followed by 
aphakia, 131 

followed by astigmatism against 
the rule, 133 

operation for, removal of lens at, 
accommodation impossible after, 74 
Centrad. See ,ire centune 
Cenisae system, 22 
Ctuldrea, hypermetropia jn, 115 
method of estimation, 116 
myopia in, treatment, 102 
Choroih, anterior, passago ol needles 
mto. effect on accommodation m cat's 
eye, 76 

Chrematie aberration, 61 
CiUarr muscle, appearances in 
bypcrmctropis and myopia, 77 
rontraction of, causing false form 
of myopia, 08 

producing oocoDimodation. 76 
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Ciliary muscle — conltnutd. 

contraction, results of, on kna, 78 
effect of Accommodation on, 78 
paralysis of, causmg paralysis of 
accommodation, 136 
m encephalitis UthargKS, 137 
physiological tone in relaxed 
accommodation, 142 
processes, advancement toaards 
cornea in case of deformity of 
iris, 75 

components of, 77 
effect of accommodation on, 78. 79 
Cohalt blue glass, respective positions of 
retina upon irhich red and blue rays 
are focussed, on viewing through, 62 
Cocam and homatropme, mixture of, 
effect on pupil, 140 

Cones, diameter of, mmimum visual 
angle compared with, SS 
Conjugate distances referred to principal 
points, 52 

and magmffcation in conjugate 
planes referred to focal pomts, 
51. 62 

Conoid of Sturm, 119 
Contiet lenses m aphaLia. 133 
Convergence, amplitude of, 223 
average, 257 

and accommodation, dissociation in 
myopia, 100 

functions of, CO ordmation between, 
250 

lack of CO ordmatiOD between, 
causmg concomitant strabismus, 
245 

relation between, 100, 101 22o 
cause of, 222 
definition, 222 
function of, 222 
insufficiency of, 2S7 258 
treatment by exercises, 258 
m young subjects, 258 
m presbyopic patients. 258 
measurement of, 223 
negative, 225, 229, 230 
of visual axes, power of, controllable, 
251 

positive, 224 

b«s<sA<a.Ul., UMaansemeot of, 
255 

vertical, measurement of, 2o6 
relative, definition, 226 
range of, 227 

variation of total range of relative 
accommodation for each degree of, 
227 

Convex surfaces, refraction at, 24 


Cornea, advancement of ciliary 
processes towards, m deformity of 
ins, 75 

and anterior surface of lens, behaviour 
as convex mirrors, 39 
anterior surface, radius of curvature, 
48 

antenor and posterior focal distances 
of, formula for calculatmg, 25 
astigmatic, 120 
behaviour as mirror, 30 
curvature of, 39 
m regular astigmatism, 214 
(Lsease of. causing irregular 
astigmatism, 128 
index of refraction of, 37, 38, 48 
mam seat of astigmatism, 117 
postenoi surface, radius of curvature, 
48 

refractive power of, estimation in 
testing for astigmatism, 124 
relation m position of iris to, 56 
Corneal refiex, 187 

CnnLDuog, W, method of rendering 
normal human eye luminous, 144, 140 
Cycloplegia, 133 See also 
Arcommodaiion, parelytt$ of 
CyclopJegict, 138 

Cylinder and sphere, best combinations 
I of. in astigmatum, 21^221 

I Devialion, prunaiy and secondary, m 
paralytic strabismus, 23S, 236 
Dioptre, 27 

Dioptres, increase of refractive power of 
eye passing from rest to greatest effort 
of accommodation expreased m, 83 
Dioptnc mechanism of eye, rccjuisitia 
for, 36 

surfaces of eye, curvature of, 
determination by 
ophthalmometer, 40 
determination of distances by 
ophthalmopbakomctcr, 40 
respective distances of, 46 
system, cardinal pomts for, 5U 
Diphtbena causmg toxic paralysis of 
accommodation, 137 
Diplopia, absence of, ui toBconuts»t 
atrabismua, 243 

artificially produced, power , 
suppression, 253 ^ 

crossed, hHejonyiiiotis, produced by 
diligent strabismus, 239 
dia^Dsis value of, in jKirulytic 
S'rabumus, 237 

ty^onymous, produced by 
/ convergent strabismus, 233 
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Diplopia — ajniinued 
horizoatal or rertical, 238 
in paralytic atrabisaius, 238, 245, 246 
maxunuio, directioQ of, 241 
Disaociatioa of the eyes, 230 
Distant objects, inability to see 
distinctly, in myopia, lOO 
Donders simplification of reduced eye, 
54, 63 


Emmetropes, accommodation m, 
measurement of pover of, 83 
and hypejmetropes, region or range 
of accommodation diSerent in, 113 
myopes and hypermelropes, 
amplitude of accommodation in, 
compared, 83, 84 

size of inTerted image in, Tanationa. 
173-178 

Emmetropia and hj'pcrmetropia, 
compamon betneen, 63, 69 
apparent movement of tight on 
lundua ui, 196 

centre of rotation of eye upon optic 
axis in, 63 

diagrammatic renreaentation, 07 
examination of, by ophthalmoscopj, 
direct method, 148. 149 
indirect method, 179 
retinoscopy in, 196 
situation of posterior focus of eye in. 
15S 

Emmetropio and myopic »ea from same 
patient superposed, horizontal 
sections shoieing identity of 
pre'equatonal regions, 94 
eje, illumination of fundus in, 188 
illumination of pupil area >o, 189 
illarauiation of retina in, 189 
Encephaiitts Uthorgica, psraljsts of 
ciliary muscle m 137 
Senatorial region m hypermetropic and 
nijopio eye contrasts, 106 
Esenne, application following that of 
homatropine, effects, 141 
Etopbona, 231 
Ezophona, 251 

physiological and pathological, 233 
Ere, as optical apparatus, 66 

comjjared with pliotograpbjc 
camera, 66 

change taa.ng pUco in, upon 
formation of sharp imago upon 
retina, 73 

contusion of, causing paralysis of 
accomraodatioo, 137 
defects of. as optical instrument, GO 


Eye— continued 

deviations of, honrontal treatment, 
precautions m, 239 
dioptrie surfaces of, respective 
distances, 46, 47 
formation of image by, 66 
of retinal image by, 86 
globe of. lengthcmug as cause of 
my opta, 94 

human, normal, method of rendering 
luminous, 144, 145 
length of, 66 
optical constants of, 36 
spbencal aberration in, 203 
transparent media of. indices of 
refraction of, 36, 37, 47, 48 


Fuation axis, 63 

Focal imes, 119 
of Sturm, 119 

plane of eye. first, effect of lens at, 87, 
88 

effect of lens placed beyond, 68 

Fom. conjugate, 6, 19. 31 
composition of, 67 
principal, 60 

Foent, posterior, of eye, situation in 
emmetropia, 153 

Fovea centralis, image of, how formed, 
67 

Foodtu, apparent movement of light on, 
in emmetropia, 196, 198 
in bypermetropia, 106, 108 
in myopia, 197, 198 
clear view of details of, method of 
obtaining, 146, 147 
illuminated area on, 193 
in astigmatism, 202 
intensity of, 201 
rapidity of moTement of, 201 
shape of. 200, 202 
lUumioation of, 144-148, 187 
m emmetropic eye, 183, 189 
in hypermetropic eye, 188, lb9 
la myopic eye, 188, 169 
iBverted usage of, czaminstion, 179 
light on, IQ retinoscopy, IDS 
o^lhalmoscopK, examination of, 
method, 163 

tumour of, bright rciiex in dusk 
resulting from, 144 

Fiuios faculty, and uinciTatKM}, detect 
of, causing concomilant strabumus, 
247 


Oaois, method of dealing with thin 
axial pencils of light, 49 
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Geome(ricu conventions as to ai|Sns. 8 
image ot first point on axis of mirror, 
8 

Glass, plate of, parallel, refraction 
through, 17 

Glaucoma, early stages of, weahncaa of 
accommodation in, 137 

Head, altered position of, in paralytic 
strabismus, 237 

Headache accompanying hypermclropia 
in children, 114 

Helmholtz, phaLoscope of. 74 

reduciion of images from lene, 74 
reduction of radius of eunratnre of 
lens, 74 

Hess, lateral displacement of lena, 75 

Heterophotia, 250, 251 
artificial, m anisometropia, 130 
means of relievmg, 253 
paralytic and concomitant, means of 
distinguishing, 2o3 
testa for, 251 

Mhea to be earned out, 256 
See also Strabivnua, latent 

Eomatroptae, 139 
adrantagea of. 139. 140 
and cocain, mixture of. eSect on 
pupil, 140 

application of, followed by that of 
esenno, 141 
oily eolution of, 140 
advantage of, 140 
uateiy solution of. 140 
Hrpermetropes and emmetropea, region 

or range of accommodation difTerent 

in. 113 

measurement of power of 
accommodation in, 84 
myopes and emmetropea, amplitude 
of accommodation in, compared, 
83, 84 

use of accommodation by, 109 
Hypermetiopia, 68, 104 
absolute, 110 
accommodation in, 89 
amplitude of. 111. 112 
amount for red rays, 62 . 

and emmetropia, comparison betwevo. 



in. 64 

angle a in. 112 

apparent movement ot light on 
fundus in, 196, 197 
appearance of ciliary muscle in, 77 
application of atropine m, effects on 
vision, ill 


Hypeimctropia— coiiliaued. 
axial, 105, 106, 157 
becomes absolute in old age, IlU 
causation of, 104 

correctmg lenses for, 89. 105, 199, 
142 

correction of errors of refraction in, 
70. 71 

diagrammatic representation, 68 
direction of rays leaving eje m, 6‘J 
facultative, 110 

in children, accompanied by 
headache, 114 
method of estimation, 116 
latent. 110, 116 
manifest, 100 
measure of, 107. 110, 111 
mendians in, 209 

ophthalmoscopic changes seen in, 115 
exammation, direct method, 150- 
153, 165 

mdirect method, 172 
position of punctual remotum in, 
104. 105. 108 

pronounced, due to aphakis, 107 
ray s focussing upon retina in, 104, 105 
reading of, in ophtbalmoscopy, 107 
refractive (curvature), 106 
index, 106 

ralatioD to amphtude of 
accommodation, 114 
Ktmoscopy in, 196 
BituatJOD of retina in, 165 
size of inverted 'mage in, \anatiuiia 
in. 173-178 
toUl, 110 
treatment. 115 
varieties of, 108, 199. 119 
visual disturbances produced by, 113 
Hrpetmetropic eye, equatorial ngioo 
m. 106 

lUummation of fundus in, 186 
of pupil area m. 189 
of retina m, 169 
punctum remotum of, 69, 82 
Hyperphoria, 251 
concomitant, treatment, 256 
correction of, 256 
par^ytic, treatment, 250 
Tight. tett, of 

diatmgnisbmg, 2o2, 233 
test for, 254 

HluminatioiirEeld of, and field of vision, 
co6iparative sizes of. 180 
■ly^htbalmoECopy, 159, 179, 181 
ott^ioim of, latporiaDce lo direct 
Ophthalmoscopy, 1C2 
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Image, erect, examination of, by direct 
method of ophthaJmoacopy, 148 
formed by direct refraction through 
thm concave and convex lenacs, 
29, 30 

by spherical surface, construction 
of, It 

by 8} stem of cardinal points. 

construction of, 51 
formation of, by eye, 66 
inverted, examination of, by 

mdirect ophthalmoscopy, 170 
magsidcation of, 173 
variation of sue in emmetropes, 
175-179 

position of, with difierent distances 
of object, 80 

sharp, lonnatlon upon retina, 73 
method of obtammg by 
photographic camera, 70 
Images, formation in convex mirror, 40, 
41 

of PurkiDje, in ox, 37 
method of observing, 09, 40 
real, 6 
nrtuai, 6 

l&nervatiea and fuswa iacultj, defect 
of cammg concomitant strabismus, 
247 

Interval of Sturm, 119 
Inverse square, law of, 4 
Ins. colour and form of, viby visible 
during life, 65 

deformity of, with advancement of 
ciliary proccasee towards cornea, 75 
plane of, bulging fomard during 
accommodation, 75 
relation in position to cornea, 56 


Lactation, asthenopia dunng, 115 
Lens, absence of See ^pAalia 

and vitreous, ophthalmoscopic 
examination of, 153 
anterior and posterior, behaviour aa 
mirrors, 30 
surfaces, effect of 
accommodation on, 79 
surface, eficct of contraction of 
cibaiy muscle on, 78 
radius of curvature, 48, 49, 74 
astigmatism of, 118 
capsule of, index of refraction of, 37 
central and pcnpheral parts, rays 
falling on, diflennce m amount of 
refraction, 60 

cortical laj cm and uucleua. separation 
between, after death, 3? 


Lena — conftnued 

crystallme, refractive power of, 106 
curvature, during accommodation 
upon formation of sharp image 
upon retina, 73, 74 
of surface of, 39 

dimiBUfion of curves and tbickness 
of. With age, 85 
displacement of, 75 
bow kept in place m eye, 76 
index of refraction 43, 49 
nucleus of, index of lefraction of, 37 
outer and middle layers of, indices of 
refraction of, 37 

posterior surface, behaviour as 
concave mirror, 39 
radius of curvature, 48, 49 
radius of curvature of. reduction, 74 
removal at operation for cataract, 
accommodation impossible after, 74 
Lens, arti6cial, at tint focal plane of 
eye, effect of, 87 

concave double, position of optical 
centre m, 29 
effect in myopia, 89 
thin, metboa of finding image of 
point formed by direct refraction 
through, 29 

to correct myopia, dioptric value, 
06 

use of, in ophthalmoseopio 
examination in myopia, 153 
convex, position of optic centra of, 29 
m correction of errors of refraction 
in hypenaetnipia, 70 
strongest, measure of manifest and 
total hypermetropia by, 109, IIU 
thin, method of finding image of 
point formed by direct refraction 
through, 30 

use in magnification of imago 
m direct method of 
ophthalmoscopy m, 154 
in obtainutg view of 
hypermetropic fundus, 162 
correcting, effect in hypermetropia, 90 
placed beyond first focal plane of eye, 
effect, 88 

plaaixoncav e, position of optical 
centra of, 29 

piano convex, position of optical 
centre of. 29 

principal focus of, proximstion of. to 
anterior prmcipal focus of 
eye, 175 

variations in. 17G-170 
shape Kilbin rye, and upon removal, 
79 
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Itni — conlinuaJ 

thin, formula connecting portions of 
object and its image formed by 
direct refraction through, 31 
vision through a, &G 
Lenses, concave, 26 

for correction of myojua, 101 
position when wora, 103 
precaution as to choice. 102 
concave, use of, in measaring power 
of accommodation, 82 
tonves, 26 

and concave, action of, contrasted, 
254 

directions for prescription in 
hypermetropia, 115, 116 
for correction of hypermetropia, 
88, 103. UO, 116, 142 
cylindncali 32 
axis of, 33 

distinct from optical axis of 
spherical lens, 32 
combination of, results, 33, 35 
in astigmatism, 216 
test as to correct value of, 216, 
317 

decentering of, 23 

defect in, method of overcoming, 61 
focal length of, 26, 27 
for correction of errors of refraction, 
method of wearing, 118 
optical centre of, 27, 29 
power of, required in correction of 
hypermetropia. 143 
unit of, 26, 27 See also Dioptre 
prmeipal axis, of, 26 
focus, of 26 

spherical, m astigmatism, 215 
Light, absorption by opaque substances, 

4 

dednition cl, 1 

on fundus, apparent movement m 
emmetropia, hypermetropia, and 
myopia, 196, 197 
pencils of, thin axial, 49, 50 
rectilinear propagation of, 1 
reflection of, 5 
laws of, 5 
Wave theory of, 15 

Listing, method of dealing with thia 
anal pencils of light, 49 


Macula and pomt where optic axis cuts 
retina, distance between, 63 
ophthalmoscopic examination of, 
method, 164 

Maddox, centune sjstem 22 


Maddox’s prism verger, 234 255 
rod and tangent scale as test fur 
heterophona, 251 
wmg teat for heterophona, 233 
Magnifying glass, vision through. 90 
Media, opacities in, causing 
concomitant strabismus, 246 
refracting, transparency of, studied 
by distant direct method, 185 
Sfesigeat, concave, position of optical 
centre of, 29 

convex, position of optical centre of, 
29 

Meridians m astigmatism, correction of, 
209 

Metre angle, 100, 223, 224 
Micropsia, accompanying paralysis of 
accommodation, 136 
Migraine, attacks of, ut hypermetropia, 
214 

Mirror, axis of, geometrical image on 
first point of, 6 

concave, construction of image formed 
by, 11,12 

image formed by, 194 
ut mamiaatioa oteje, }P0 
in ophthalmoscopy, 160, lb2 
in retiooscopy, 208 
posterior suHace of less as, 3U 
convex, construction of image formed 
by. 13, 14 

formation of images id, 40, 42 
plane, formation of image on, 3, 

6 

usage f orated in, 19J 
image of object in front of, sitoatioii 
behind airror, 8 
in lUununation of fundus, lOO 
m ophthalmoscopy, 159 
in retiooscopy, 211 
sight hole m, in letinoscopj, 267 
spherical, 7 
axis of, 8 

position of pomt on, mode of 
definition, 8 

centre of curvature of, 7 
concave, 7 
convex, 7 
focal length of, 6 
pofe or vertex of, 7, S 

prmeipal focus of, 8, 10. 11 

i^ius of curvature of, 10 
Mirrors, eonv ex, -cumea and anterior 
smiieeof fens as, 31 
formation of images m, 40, 41 
MGller, muscle of, 78 
Musca vohtantes m mjopia. lol 
Muscles, ocular, vclions of 241 
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Uydnatic, use of, in reveduig spbencal 
aberration of eye, 203 

Mjdriatics, 13S 

AfyopetfCnunetropesandhypermetropes, 
amplitude of accommodation in, 
compared, 82, 84 
measurement of power of 
accommodation in, 83, 84 
position for, when at wort and 
reading, 103 

Myopia, accommodation m, 82, 84, 8d 
age meidence, 97 
amount for blue and red raya, 82 
and hypertnctropia, sue of angle a 
compared in, 64 
angle a, ui, 99 

apparent movement of hght on fundos 
ID, 197 

appearance of ciliary muscle in, 77 
associated with divergent strabismus, 

axial, 94, 159 
causes of, 94, 1S3 
correction of, full, 96, lOi 
lenaes for, 96. lOt 
definition of, 92 
development and course of, 96 
difficulties of direct eiaounadon in 
high degrees of, 1C9 
dissociation of accommodation and 
convergence in, lOt 
effect of concate lens in, 89 
esammation of, by ophthalmoscopy, 
by direct method, 153 
by indirect meth^, 173 
false form of, due to contraction of 
ciliary muscle, 0S 
highest degrees of, treatment, 103 
inability to see distant objects 
dutlnctly in, 100 

increase of, determining factor in, 103 
increased by near » orl, 97, 98, 103 
msuifictency of con\eraence in, cause 
of. 237 

magnification of image by direct 
method in, 136 
measure of, 93 
muses vohtantes in, 101 
non progressii'e, 08 
prevalence m higher schools, 97 
progressive, 98 

reading of, in ophthalmoscopy, 166 
rcfractiic, 94 
curvature, 95 
index, 95 

relation of accommodation to 
conrergente la, 100 
rctuioscopy in, 197 


Myopia — co7ittnued 

size of inverted image in, variations, 
173-177 
treatment, 101 
under-correction, 103 
visual disturbances produced by, 100 
fifjropic children, exammation of, 104 
special school curriculum for, 104 
eye, distance between punctum 
remotum and cornea of, 93 
explanation of, 69, 70 
flattening of ei^uatorial region in, 
206 

illumination of fundua m, 183 
of pupil area m, 189 
of retma m, 188 
opiic axis of, 133, 134 
punctom remotum of, 70, 71, 03, 96 
and emmetropic eyes from same 
patient, horizontal sections 
superposed, showing identity of 
pre eijuatonsl regions, 94 

Nagsh metre angle, 224 
Hear worh, increase of myopia by, 97, 
98, 103 

pomts. physical, difler in adults and 
chddreii. 133 

physiological, the ssme m adults 
and children, 133 
Nonduminona objects, 1 

Occnpstion lo relation to onset of 
myopia, 07 

Old age, all hypermctropia becomes 
absolute in, 110 

Opauties, distant, direct method in 
exammuig, 183, 186 
m media causing concomitant 
strabismus, 246 

Opacity, exact position of, methods of 
detcrounatioD, 183, 186 
Opaque subelances. 4 
Opbthalmoaeter, Helmbpllz’t, 42 
determination of curvature of dioptric 
surfaces of eye by, 46 
estimation of total refraction of eye 
notgiicn by, 127 
formation of. 44 
in estimation of degree of 
astigmatism. 124 
principle of, 42 

OphthaJmopbakonster, dctemmatioo 
of respectiic distances of dioptric 
surfaces of ey o by, 46 
Opbtbslmoseoys. 143 
eonstniction of, l62 
four mirrors of, I62 
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Ophtbftimoscope — eonltnutd 
Rcute 8, US 

U8e of, m direct method, IbO 
in indirect method, 170 
Ophthalmoscopic changes seen m 
hypermetropic, 115 
examinations, definite method in. 163 
routine in, 162, 163 
field, apparent brightness of, 191 
size of, 137 

Opbthslmoscopj't direct method of. 148, 
149 

distant at 33 cm , 185 
examination of erect image by, 
148 

direct method of, field of 

dJumination in, 160, 179 
m examination of emmetropia, 
148, 149 

of hypermetropia, 130-153 
of myopia, 1S3, 154 
magnification of image by. 134 
indirect method of, 148, 170 
field of Ulummation in, 179 
m examination of emmetropia, 
171 

of hypermetropia, 172 
of myopia, 173 
method of exammatian, 181 
preliminary examination at 
distance of one metre. 185 
Oplte azu, 62 

centre of rotation of eye upon, 63 
of myopic eye, 153, 154 
pomt at Hhich retina is cut by, 67 
nerre head, appearance of, in 
astigmatism, 169 
Optical apparatus, ^e as, 60. 66 
centre of lens, 27, 29 
position of, according to diSereot 
forms of lens, 29 
constants of eye, 33, 48 
medium, heterogeneous, 4 
homogeneous, 4 
Optica, ophthalnuc, 1 
Onentation, false, of field of tisiod, id 
paralytic strabismus, 236 
Orthophoria, 250 
Ox, images of Purkmje in, 37 


Paracentral shadow, 203 
Paralysis of accommodation, 136, 138 
Paralytic strabismus, 234. 242, 243 
Penciia of light, thin axial, method of 
dealing with, 49, SO 
Penumbra, 3 

Pbakoscope, Helmholtz a <4 


Photographic camera, eye as optical 
apparatus compered vitb, 66 
method of obtaining sharp images 

Physostigmine. production of foiced 
accommodation by, 75 
Pmhols camera, 3 

Pfacido's disc, in estimation of degree of 
astigmatism, 124 
Planes, focal, 50 
principal, 50 

Pointohte lamp m direct 
ophthalmoscopy, 160 
Points, cardinal, constniction of image 
formed by system of, 51 
focal, conjugate distances and 
magnification u conjugate planes 
referred to, 51, 52 
nodal. 50, 62 
prmcipal, 50 

conjugate distances referred to. Si 
Pre>eqnKtonal regions, identity of, in 
emmetropic and myopic eyes from 
same patient, 94 

Presbyopes. method of rendenng reading 
possible for. 90 
Presbyopia. 134 

conrergence secessaiy at near range 
easily mainUined in, 135 
physiological and physical 
accommodation in, 136 
power of eceoaaodalioa lost in> 90 
prescription ofreadingglasseafor, 134 
aobjects of, treatment of inaufilciency 
<d convergence in, 258, 259 
Pnsm, deviation produced by, 20, 21 
dioptre See Tangent centsee. 
production of a, 19 
square, base apex line of. IS 
test for heterophona, 251 
verger, Maddox s, 2o3 
FriSDU, IS 

circular, in correction of paralytic 
hyperphoria, 257 

method of marking, by angle of 
minimum deviation, 22 
nomenclature of, importance of, 22 
prescription of, reason for, 22 
lelKTiag, in correction of concooiitant 
hyperphoria, 2o7 
rotating, 21 

use of, in rehef of heter''phuna, 2o3 
Fseudo-optic n*„,itis in hypermetropia, 

115 


rymmutn. 67, 6-, — 

/ ofhypennetxopioeye, 09, 71). 82 8t 
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PdDctaat remotUQi — continued 
ol myopio eje, 69, 70, 05, 06 
position ui b^crmetropia, 101, 
105, 108 

Pupil area, lUumuiatioa of, in 
emmetropic eye, 188 
in hypermetropic eye, 189 
in myopic eye, 189 
black appearance of, reasons for, 143 
true explanation of, 143 
dilated, central part of light refin 
alone to be observed in, 138 
effect of misture of cocain and 
bomatropine on, 141 
real and apparent position of, 55 
Parlun]6 figures, alteration in size of, 74 
images of, in ox, 37 

Eadisn, 24 

Bay, definition of tern, 1 
of minimum deviation, 21 
refiected, 6, 6 

angle thiougli 'which turned, 0, 7 
Kan, emergent, S8, 29, 51 
entenng eye focussed upon retina, 67 
falling on central and peripheral parU 
of lens, difierence in refraction, 60 
focussing on retma in hypermetropia, 
104. 105 

tueident, 5. 5, 14. 15. 28, 29. 51 
and emergent, relation between, 
146 

method of finding, 147 
leaving retina, refraction of, 67 
pencil of, 1, 0 
axis, 8 
convergent. 1 
divergent, I 

small, reflection at concave 
spherical surface, 9 * 

refra^ed, 14 
unequal refraction of, 61 
Beading glasses, prescription of, for 
presbyopia, 135 

how rendered possible for presbyopea, 
90 

Bed rays, amount of hypermetropia for, 
62 

position on retina on which 
focussed on viewing through 
cobalt blue glass, C2 
Bedoced eye, Donders’, 64 
simpbfication of, 54. C3 
Be&ectuig surface, curvature of, bow 
determined, 73, 74 
Beflection of light, 5 
total, 16 

Befiez, corneal, 187 


Refracting apparatus of eye, 3b 
Belraction at convex surfaces, 24 
at spherical surfaces, 24 
axial, 71 
correction, 70 
curvature, 7i 
m astigmatism, 211 
la hypermetropia, correction of, 70, 
71 

index, 71 

lenses for, method of wearing, 118 
use of direct ophthalmoscopy m 
measuring, 

difierence ui amount, ui rays falling 
on central and peripheral portion 
of lens, 60 
errors of, 70, 71, 92 
explanation of, 14 
index of, 3S 
absolute, 15 

method of determining, 15, lb 
relative, 15 

indices of, for transparent media of 
eye, 36. 37, 47, 48 
laws of, 15 

of eye, estimation of, drugs used in, 
139 

through parallel plate of glass, 17 
total, of eye, not given by 
ophthalmometer, 137 
Betractometer, Abb8 s, 47 
Retina, detachment of, distant direct 
detection of, 187 

formation of sharp image upon, 73 
effect upon eye, 73 
high reflex from ( ‘ watered silk ’’ 
appearance) in hypermetropia, US 
illumination m emmetropic eye, 180 
in bypermetropio eye, 189 
in myopic eye, 189 
inability of eye to form shaip pict ure 
on, in astigmatism, 120 
pomt at w hich cut by optic axis, 67 
piKiUon of, m relation to foci of eye, 
155 

to emmetropia, hypermetropia 
and myopia, 155 

not afiectuigamountof astigmatism. 
119 

rays entering eye focussed on, 67 
focussing upon, in hypermetropia, 
104 

Icavmg, refraction of, 67 
respective positions on which red and 
blue rays are focussed on viewing 
through co^lt blue glass, 62 
situation in emmetropia, 

hyiiennetropia and myopia, 155 
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Retinal image, formation by eye, 8b 
eize of, 54 

Teasels, tortuosity m hypermetropia, 
Retinoscotiy, 2i)3 

distance at which observationa are 
made, 206 
in emmetropia, 196 
in estunation of degree of 
astigmatism, 127, 128 
of total hypermetropia m children, 

in hypermetropia, 196 
m myopia, 197 
Reute’i ophthalmoscope, 148 
Reversal, point of, 19^ 204 
Rod and tangent scale, Uaddoa'a, 251 
Roman cross as teat object to 
examination of degree of astiKmatism. 
125 

Rotation of eye umh optic axis, centia 
of, 63 

m emmetropia, 63 

Schemer's experiment m measurtment 
of pover of accommodation, 81 
Schematio eye. 49 

construction of. 53, 53 
Schlemm, canal of, 77 
School curriculum, special, for myopic 
children, 104 

Schools, higher, preralence of myopia 
ID, 97 

"Scissors moremests " in irregtilar 
astigmatism, 211 
Sclera, acuteness of curve in 
hypemietropia, 115 
Ssll'lnminoas objects, 1 
Shadows, 1, 2 

Single vision, bmocular, loss of See 
Diplopia 

Slit lamp as source of light in 
ophthalmoscopy, 161 
Snellen’s test type, 59 

method of using, S9, 60 
Snell’s law, 15, 20 

Sphere and cylinder, beat combinations 
of, in astigmatism, 218-221 

demonstration of, 60, 61 
reduction of, 61 

surface, concave, reflection of small 
pencil of rays at, 9 
image formed by, construction of, 

“ i 

surfaces, refraction at, 24 I 

Squint, angle of, measurement of 247 
constant alternating, 244 


Squint — conlmued. 
monocular, 244 
periodic, 244 
See also Slrabumus 
"Standard notation” fn astigmatism, 
218 

Stenopseic slit, 129 
Strabumus, 233 
apparent, 243 
marked angle a, causing, 64 
concomitant, 234, 242, 243 
absence of diplopia in, 245 
causes, 245-247 
tests for, 244 
varieties of, 244 
convergent, 244 

producing homonymous diplopia, 
238 

definition of, 226 
deorsum vergens, 244 
divergent, 244 
myopia sssocuted with, 101 
producing heteronymous or crossed 
diplopia, 239 
m hypermetropia, 110 
infantile, treatment, 249 
latent, 234 

how prevented from becoming 
manifest, 250 
paralytic, 234 

diagnostic value of diplopia in, 237 
paralytic, mvestigation of case of, 
237 

limitation of movemest m, 234 
prjmsry and secondary deviation 
m, 236 

signs and symptoms, 234 
test for, 235 
suraum vergens, 244 
Stofm, conoid of, 119 
interval of. 119 

Snspensorr ligament, function of. 76, 77 
Syphilis, cerebral, causing paralysis of 
accomniodationi 137 


Tactile acuity and visual acuity 
compared, 67 , how measured, 57 
Taagant centuncv 23 
advantage of, 23 

lUsscope, use of, in testing for of 

astigmatism. 12X—^ 

Test typo^SnelTS’s, 69 
Test ^pea for measurmg acuity of 
TisjiSn. method of determining 
mmimum distance at which used. 




vansparent subsUiicea, 4 



IKDEX 


27J 


Tscbemmg, dctermuiatiou of respective 
dutaotea of dioptric surfaces of <70 
b; opbthalmopbakometer, 46 
images of Purkmje in os, 37 

Umbra, 2, 3 

Vertigo ui paraljtic strabismus, 237 
Vision, disturbances of, prodnccd 
astigmatism, 122 
produced by hypernietropia, 113 
by myopia, lOO 

Held of, and field of illuminatioa, 
comparatiTe sizes of, 160, ISO 
definition, 137 

false orientation of, in paralytic 
strabismus, 236 
ophthalmoscopic, 179 
‘loggmg" of, in estimation of 
astigmatism, 128 
through a lens, 86 
magnifying glass, 90 
Vunal acuity, 37 

absolute, determiaation of, CO 


Vuoal acuity — continued 

eompai^ nith tactile acuity, o7 
measurement of, 58 
relatire, CO 
tests of. 69 
angle, 37 

ffiuumum, compared vtth 
diameter of cones, 58 
variatiou of, 58 
axis, 63 

Vitteani humour and lens, 

upiitbalmoscopic examination of, 
method of, 163 

Index of refraction for, 37, 38, 43 


Wave theory of light, IS 
Weber’s compass for measuring tactile 
acuity, 57 

Wins lest. ^laddox s, for heterophoria, 
253 


Tonsg, exjierimenu to determine change 
taking place in eye upon sharp image 
being formed on retina, 73, 74 
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Operative Surgery of the Head,^^^^e^ 

and \bdomea By E H Tailor •> 

trations, many m colour 3Z* neo in u n c n,,d A T. 

Synopsis of Surgery. By i™k Bace. F b C S , n.>a A 
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Synopsis of Surgical ^ 
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Dermatology “ Urinary Disorders 
I Neurology a Tropical Diseases 

An Introduction to Dermatology. By E. H. 

Molesworth, MD, Ch M Foreiron] by Prof Josef jADissau^ 151 
niitstrations 25s net 

Recent Advances in Dermatology. By W. Noel 

Goldsmith, MD.MECP 8Co 1 Plates and 60 Text-figures ]8r net 

The Hair; Its Care, Diseases and Treatment. 

By ^V J ODonotan, OBB, MD, BS, Phystcian, Sltm Department, 
London Hospital 40 Illustrations 12s 6d net 

A Text-Book of Diseases of the Skin. By J. H. 

SiQUEiBA, ILD.FlICP.FBCS Fourth Edition 60 Plates in Colonri 
and 209 Tezt-£gur08 42s net. 

Skin — Its Uses in Six Phases. By Lewis E.Hertsht, 

C S , L B C P 8 Plates 10s 6<t net 

Recent Advances in Neurology. Fourth Edition. By 

Vr R Braik, D M , P S C P 24 Illustrations lOr 

Stone in the Urinary Tract. By H P Wh-sbcet. 

White, MB, FBCS 183 IllostratioDs 26t net 

Diseases of the Kidney. By Sir Girling Bill, , 

F BO S , and OiOfFsn Eva'^s. M D , P HOP 8 Colour Elate* and 169 
lllnstrations 30i net 

Kidney Pain: Its Causation and Treatment. 

By J Leom JoKA, MD, MS, FBACS 61 lUuBtratioas 7* 6d net 

Recent Advances in Qenito-Urinary Surgery. 

By Hahiltoh Bailst, FBCS and Normav Matsesok, MJJ, FB.CS 
60 lUoatratiODS ISj net 

Malarial Nephritis. By G. Gioiioti, 3/ B (Italy), B T JI. 

AH (Eng ) 17 Illustrations. 8s 6d net 

Public Health Practice in the Tropics. By J. 

Balfoitb Eire MB,DPH,DTMiH 80 Illustrations 15* net. 

The Nematode Parasites of Vertebrates. By 

Warrinotok Tobke, M D , and P A. Maflsstohe. MB, D S O Fore* 
word by C W Stilss 307 lUuBtcatioDS 36s net 

Recent Advances in Tropical Aledicine. By Sir 

Leonard Booebs, KC8I. MD. PK.S, FBCS. FECI’ Second 
Edition 16 Uluetrations 12* 6il net 

The Seasonal Periodicity of Malaria and the 

MechiDi.m ot the Epidenuu Ware By C A Gill. CoL IMS (Ret), 

M E C P Map and 17 Illustrations 10* 6d net 

Tropical Medicine. By Sir Leonard Roqees, 

M D P.BC P, FBCS, F BS. and Sir John W D Mesaw, KCJS, 
MB.BCh TbirdEdition 2 Coloured Plates So lUustrationg I6*-_ 

The Health Game. A Popular Guide for the Tropica. 

By B E 'WASHBUaff, M D 20 ninstrations 5* not 

Yaws (Framboesia Tropica). By B D Cuasibem, , 

M B , Ch B . Medical Officer, Jamaica. B W I 15 Illustrations o* net ^ 
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Forensic Medicine. By Sydney Smihi, MD.FRCP 

Seventh Bdition 179 Zlhistrations 2St 

Poisoni>: Their Isolation and Identification. By 

iskhK Bauforo, BSc 21 lihistrations IS* 

Recent Advances in Forensic Medicine. By 

Stdnet Smiiu, SID DPH. and J Gi-AtsrRR, SID, Ch B Second 
£djbou 85 Illustrations IS* 

Taylor’s Principles and Practice of Medical 

Junsprudencd Ninth Edition by StDAsr Siiiik SID, FBCF, and 
won Cook. LL.D . Bamster at Law 2 vols C3« net 

An Introduction to Forensic Psychiatry in the 

Criniina] Courts By W Nobwooo East, 31 D i&s net. 

Some Famous Medical Trials. By L A Pakkt, 

SID.FBCS 10* Cd net 

The Medico-Legal Post-Mortem ui India. By 

D P Lamdbrt HD.ChB.DTMiU 5» net 

Forensic Medicine. Illustrated by Photographs and 

Descriptive Cases By U Littwoum PECSEd ISSlUus 16* set 

Recent Advances in Ophthalmology. By Sir W 

^ Stswart Dqkb Elder, SID,FRCS Third Edition 3 Plates and 
) 160 Text-dgures IS* net Tfie Practice of Refraction. 17iird 

Edition 183 Illustrations 13* 6i net 

I A Handbook of Ophthalmology By HovfaBir 

’ Nsaaib, FBCS, and F A Wiit»*»fsoK Noois 3ECS Third 
^ Edition 12 Plates 143 Dlustrationa 15* 

) An Atlas of External Diseases of the Eye. By 

I Huviuskt Nkauk, FBC S 51 Coloured lliustrations 15* net 

J Diseases of the Eye: a Manual for Students and 

) Practitioners By Sit John Pabsonb DSc, FBCS, FILS EmtU 

) Edition 21 Plates (20 m colour) and SCO Text Illustrations 21* 

j Tuberculin: Its Vindication by Technique, with 

^ Specvtl Beierence to Tuberculous Disease of the E>Q By W Camac 

^ Wilkinson, M D , F B C P 31 Illustrations 10* Grf net 

} Refraction of the Eye. By CuarLss Goolden, OBi?, 

ilD.PEOS Second Edition 181 Illustrations 12* Gd net 

} Sight Testing made Easy. By W W Haudwicke, 

MD.KIECF 3 ourtb Edition 12 Engravings S* net. 

] The Slit-Lamp Microscopy of the Living Eye. 

By F Kobt Translated by CUABLaa GoaLDiN, O iJ E , 3ID, PECS, 

> ajdCtAEAL Habbis, aiJJ.ChB Second Edition 10*Illua 15* net. 

) Ophthalmic Nursing. By 31 H WmTtsa, OSC, 

) i'TlC S Second Edition 64 Illustrations 6* set. 

I Ophthatmological Society of the United King- 
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Midwifery Gynaecology 


Training- for Chiidbirtli ; From the Mother’s 

Point of View Uy MtNNis Randbll, bRU SC M .TM SI G . rrmcaptl 
School of Massitje. and Sister m Cbaige, Dept of Physiotherapy, St' 
ihom-is’s Hospital 118 Illustrations, some in colour 7i 6il net 

Manual of Obstetrics. By T. W. Buss, M D , 0 II Eam., 

PROP Lond , and EiRnnat 1Ioli.avd, MD FRCS.FRCOG Eighth 
Edition 12 Plates (5 Coloured) and 393 Text figures igr net 

Textbook of Gynascology. By Wilfkbd Shaw, II D, 

F R C S Second Edition 4 Coloured Plates and 253 Text figures 2I» 

Eden and Lockyer’s Qynsecology. Fourth EJition 

revised and re written by Sir BxcxmTH Whitxuodsb, JI B, M S ,F ECS 
36 Coloured Plates and 610 Text figures 38t set 

The Queen Charlotte's Textbook of Obstetrics 

By Members of the Clinical Staff of the Hospital Fifth Edition 
4 Coloured Plates and 293 Text-figures 22s 6d 

A Short Textbook of Midwifery. By G F Gibbeed, 

PECS MECOG, Assutant Obstetric Su^eon, Guy’s Hospital 187 
HiustraCions Ifis net 

Recent Advances in Obstetrics and Oymecology. 

By Alecs W Bocbmb, FRCS and Leslie Williams, F EC S .Obstetno 
Surgeons St Mary s Hospital Fouith Edition 03 Illustrations ICf net 
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A Short Practice of Midwifery, embodying the 

Treatment adopted in the Rotunda Hospital, Dublin Tenth Edition 
3 Coloured Plates and 283 Illustrations 10s net 

A Short Practice of Midwifery for Nurses, with 

a Glossary of Medical Terms, and the Regulations of the C M B Eleventh 
Ration 7 Plates and 182 Text Illastrations 9s 

The Causes and Prevention of Maternal 

Mortality 15s net 

A Short Practice of Qynjecology. Sitdi Kdilioii 

By Henbt Jellbit MD, FECPI, and R E Tottbsuam. 5LD, 
PRCPI With 3 G<t ninstmtions (many m colour) 21s net 


Handbook of Midwifery. By E E Tottendam, M D , 

FECPI 102 niustrations lOi 6d net ; 

A Manual for Midwives. By J B Banisxek, M.D, 

F E C S E Fourth Edition 53 lUnstratious 6s net 

Csesarean Section. By Fbances IyENs-K^owLks, GBE , 

M n , MS, Honorary Surgeoii,CJaphainMafe«iity Hospital, toadoiL 5# net 

Practical Talks to Midwives. By E M. Doobledat, 

SEN, Sister Tutor. Post Certificate School for Midwives, Camberwell < 
17 Illustrations 3, 6d net 

Antenatal and Postnatal Care. By E. J. Buow.he, 

MD.ChB PROSE Third Edition 101 Illustrations 22s I 

Midwifery for Nurses. By A W Booens, MB, | 

FRCS Second Edition 110 Hlnstrations 6s 6it . , , .x 

Obstetric Regfulations of Use in Obstetric Units, t 

By G W rHEOBALD, JI D, PECSBd 1* M net 
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Otology “ Paediatrics ^ Dentistry 


Recent Advances in Laryngology and Otology. 

By R Scorr SfKVjjNBON, M D, PBCSLd 1J8 Illustratjons 15* net 

Diseases of the Nose and Throat. By C G 

CoiKLBT, MD, FAGS Seventh Edition 7 Colour Plates and lo3 
Figures 18s net 

The Pharmacopoeia of the Golden Square 

Tiiroat, N'ose, and Lar Hospital Eighth Edition 2s Gd net 

The Care of Young Babies. By John GroBENs, il B , 

UUCP 8 Plates and o text figureo 3s OU 

Mothercraft : Antenatal and Postnatal. By 

R. C JswBSBunr, D il , F B C P Second Edition 21 Illus. 13 in Colour 
10s 6tl net 

The Mothercraft Manual. By il Liddiabu, S r N , 

Nursing Director, Motherceaft Training Society Tenth Edition 8 Plates 
and 32 text figures 3s Cd net 

Diseases of Infancy and Childhood. By Wjlfeid 

Sbeldok, MD, FRCP Third Edition 14 Plates aud 130 Text 
figures 24s 

Recent Advances in Diseases of Children. By 

W J PsaBSON, DSO, DU PECP and 0 Wthie UD, 
FB-CP Third Edition 23 Plates and 26 J ext figures 15s set 

Qoodliart’s Diseases of Children. I2th Edition 

Edited by G F StiLt, U D , F It C P 68 Illustrations 2Si set 

Tomes’ Dental Anatomy, Human & Comparative. 

Eighth Edition Edited by U IV Uabett Tcus, 0B£,MD, FLS, 
with assistance of C Bowdleh HahUT. L RC P, M EOS, L DS (Eng) 

32a Hluatrations 18f net 

Tomes’ System of Dental Surgery. Revised by 

C S Touse, U A , F BS, and WabTKa 8 Nowell, U.A Oxon Fifth 
Edition 3X8 Engraringa 15* net 

An Atlas of Dental Extractions, with Notes on 

the Causes and Belief of Dental Pain. Dy C Edwass TFalli^ U R.C 8 
LDS Second Edition With 11 Platee 6* net. 

A Alanual of Dental Metallurgy. By Ernest A. 

SuiTR Fifth Edition 15 lUuatrations 12* Gi net 

Synopsis of Dentistry. ByA B G Underwood, 31 B , 

1? S . L D S Eng With 10 IHustxatioDS 0* 6d net 

Handbook of Mechanical Dentistry. By J. L 

DuDLxr Buxtok, Ld> S With 168 Illustrations 12> Cd net 

Operative Dentistry. By W. H 0 JIcGehee, MD, 

D D S Second Edition 1040 Illiutratioss 42* net. 

A Dictionary of Dental Science and Art. 79 

Dlustrationo. 28* net (See page 6 ) 

Oral Diagnosis and Treatment Planning. By 

S C Millkb, DDS (Editor), and Twenty two Spcciabst Contributor* ^ 
502 llluetrations SO* net 
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Colloid Aspects of Food Chemistry and Technology. By W Ci^rrov, 

oSc FIG CmiuslrMioii*. 3Ct set 


The Chemical Analysis of Foods By H E Cox, D So. PL B, FJ C 

Sccoi d id t on 41 J Joairal oca 21* c«( 


Recent Advances in Analytical Chemistry. Edited by C A Uitcbill, 

S.?,'- t-OrRBfile 6 Plaitt and 19 Tea fleures IStiel VoL II -Jnorgank 
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Parry's Cyclopcedla of Perfumery. By E J Pibbt, BSc, FLC. L CS 

Analytical and ConiulUcg Cbem at S Vola 36t net 


Inorganic and Organic Chemistry. By C L Bloxim Eleveotb Edition 
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Treatise on General and Industrial Chemistry ByBr ETTOBsMouHAat. ( 
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Organic Medicaments and their Preparation. By M FornnsAC 
a'TtDtlatedby tv A Sunaria it Sc 32 Jllnalrat ooa ISi set 
The Plant Alkaloids ByT A Hxnbt.DSc. 3rdEdifaon 8 Pistes 42 j net 

Industrial Organic Analysis By Psus S Aanr, BSc.,ACGI Second 
iduon rSlUntumCona. li, &V net | 
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Prof ofUact andBygeoe Uichigan State CoU Mlllua 16, set. < 

Colloid Chemistry of the Proteins Bv Prof Dr W Paoli TransUted ‘ 
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The Formation of Colloids By Imb STronBaa 22 Illustrations 7* 6d net 

Laboratory Manual of Elementary Colloid Chemistry By B IlATecHsx 
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The Atmospheric Nitrogen Industry. By Dr I B Wassbb Translated 
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By S Glasbtoks DSc., FbD, FIC 
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The Theory of Emulsions and their Technical Treatment. By W. 

CLLiToa D So , T J C Third Edtuoa 91 llIa«u«tion« iSt net ^ 

The Natural Organic Tannins History; Chemistry ; Distribution. ( 

By M Niibxxdteis. D Sc Namerotaft T«Um S1> uet 

Adulteration and Analysis of Foods and Drugs. By J t LivEBsiBax, 
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Catalysis and Its Industrial Applications. By E B Maxtcd, D Sc , F1i D , 
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Theoretical Organic Chemistry. By F \^cnail, Fb D , M Sc., and F W 
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Chemistry of the Proteins. By Doiiotht Jordan X.Loro, DSc, FIC, 
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by A 1) ilitcaECL D Sc , F I C 123 tlluaUntions Sot cel 
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A Junior Inorganic Chemistry. By R. H Srxiit, M A Second Bditjoa 
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Ammonia and the Nitrides. With Special Eeference to their Syntbesie. 
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The Analyst's Laboratory Companion. By A £ Jouhsom, BSo,FIC, 
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Allen’s Commercial Organic Analysis: a Treatise on the Properties, 
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Elementary Practical Chemistry. By F Cnowsa. D Sc., and J B 
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Catalytic Hydrogenation and Reduction. By £ B Maxtu}, FhD. 
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Molecular Physics and the Electrical Theory of Matter. By J A. 
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Elementary Physics: For medical and First Year 

University Science Students By G &tzad. MACanlab Sixth t 
Edition 441 Illustrations 12* Cd net 

Recent Advances in Atomic Physics. By Giirjio 

Castelfbanchi Translated by ‘W S SriLsa, Ph D , andJ W T Walsh 
A, l)Sc 2 Vols 190 lUustrations 15* net eacli vol ‘ 


Recent Advances in Physics (Non-Atomic). 

F II Kfwitam, DSe 51 Illustrations 15* net 


The Physics of X-Ray Therapy. By W. V. 

Matneoeu, M Sc, Physicist, Cancer Hospital lOfa Illns 10« Cd net 

Recent Advances in Microscopy. Edited by Pinet, 

M D 63 Illustrations 12* Cd net 


The Microtomist's Vade-Mecum. (Boms Lei.) 

lentil Edition Edited by J Bbohte Gatesbt, D be , and T S PAisTen, 
AM, Pill) 11 Iltustiations 30* net 

Biological Laboratory Technique: An Introduc- 
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Recent Advances in Plant Physiology. By E ' 
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Recent Advances in Botany. COlUos. 12* 6d set 

A Text-book of Botany, for Aledical and Phar- 
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Elementary Histological Technique for Animal 
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A Text-book of Mycology and Plant Pathology. 
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An Introduction to Comparative Zoology. By 

P G Sabkl Wbits-jeld FRtS. FRMS, and A H Wood, MA 
141 Illustrations 16 s net 

Recent Advances in Entomology. By A D Isms, 

DSc.FRS Second Edition 94 Illustrations 15.. net 

Recent Advances in Cytology. By c D DAButoTON, 

DSa.PbD SeeondEdit 16 Plates, 160Text figs and 81 Tables. 24* net 

Recent Advances in Plant Genetics (SAisouK and 

Philp) Second Edition By F W Saksosib, Ph D . F E S E 55 Illus- 
trations and 49 Tables 18* net 

Recent Advances in Agricultural Plant Breeding. 

By H HnnxKB D So , and It Mabtik Lkakx, Sc. 1? 16 Flates 15s net 

Recent Advances in the Study of Plant Viruses. 
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A Text-book of Plant Virus Diseases. 101 Ulus- 


trations 21$ net 

Plant Physiology. By Meiriok Thomas, il.A Second 

Edition 61 Illustrations 21* ^ 
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